This  is  a  digital  copy  of  a  book  that  was  preserved  for  generations  on  library  shelves  before  it  was  carefully  scanned  by  Google  as  part  of  a  project 
to  make  the  world's  books  discoverable  online. 

It  has  survived  long  enough  for  the  copyright  to  expire  and  the  book  to  enter  the  public  domain.  A  public  domain  book  is  one  that  was  never  subject 
to  copyright  or  whose  legal  copyright  term  has  expired.  Whether  a  book  is  in  the  public  domain  may  vary  country  to  country.  Public  domain  books 
are  our  gateways  to  the  past,  representing  a  wealth  of  history,  culture  and  knowledge  that's  often  difficult  to  discover. 

Marks,  notations  and  other  marginalia  present  in  the  original  volume  will  appear  in  this  file  -  a  reminder  of  this  book's  long  journey  from  the 
publisher  to  a  library  and  finally  to  you. 

Usage  guidelines 

Google  is  proud  to  partner  with  libraries  to  digitize  public  domain  materials  and  make  them  widely  accessible.  Public  domain  books  belong  to  the 
public  and  we  are  merely  their  custodians.  Nevertheless,  this  work  is  expensive,  so  in  order  to  keep  providing  this  resource,  we  have  taken  steps  to 
prevent  abuse  by  commercial  parties,  including  placing  technical  restrictions  on  automated  querying. 

We  also  ask  that  you: 

+  Make  non-commercial  use  of  the  files  We  designed  Google  Book  Search  for  use  by  individuals,  and  we  request  that  you  use  these  files  for 
personal,  non-commercial  purposes. 

+  Refrain  from  automated  querying  Do  not  send  automated  queries  of  any  sort  to  Google's  system:  If  you  are  conducting  research  on  machine 
translation,  optical  character  recognition  or  other  areas  where  access  to  a  large  amount  of  text  is  helpful,  please  contact  us.  We  encourage  the 
use  of  public  domain  materials  for  these  purposes  and  may  be  able  to  help. 

+  Maintain  attribution  The  Google  "watermark"  you  see  on  each  file  is  essential  for  informing  people  about  this  project  and  helping  them  find 
additional  materials  through  Google  Book  Search.  Please  do  not  remove  it. 

+  Keep  it  legal  Whatever  your  use,  remember  that  you  are  responsible  for  ensuring  that  what  you  are  doing  is  legal.  Do  not  assume  that  just 
because  we  believe  a  book  is  in  the  public  domain  for  users  in  the  United  States,  that  the  work  is  also  in  the  public  domain  for  users  in  other 
countries.  Whether  a  book  is  still  in  copyright  varies  from  country  to  country,  and  we  can't  offer  guidance  on  whether  any  specific  use  of 
any  specific  book  is  allowed.  Please  do  not  assume  that  a  book's  appearance  in  Google  Book  Search  means  it  can  be  used  in  any  manner 
anywhere  in  the  world.  Copyright  infringement  liability  can  be  quite  severe. 

About  Google  Book  Search 

Google's  mission  is  to  organize  the  world's  information  and  to  make  it  universally  accessible  and  useful.  Google  Book  Search  helps  readers 
discover  the  world's  books  while  helping  authors  and  publishers  reach  new  audiences.  You  can  search  through  the  full  text  of  this  book  on  the  web 


at|http  :  //books  .  google  .  com/ 


N-^ 


INTERNATIONAL 
LIBRARY  OF  TECHNOLOGY 


A  SERIES  OF  TEXTBOOKS  FOR   PERSONS  ENGAGED  IN  THE  ENGINEERING 

PROFESSIONS     AND    TRADES     OR     FOR     THOSE     WHO    DESIRE 

INFORMATION  CONCERNING  THEM.   FULLY  ILLUSTRATED 

AND     CONTAINING      NUMEROUS      PRACTICAL 

EXAMPLES  AND    THEIR    SOLUTIONS 


RINQ:FRAIV.B5'..- 

COff  on"' MULES" 

TWISTERS 

SPOOLERS 

BEAM  WARPERS 

SLASHERS   ' 

CHAIN  WARPING 


SCRANTON: 

IKTERNATIONAL   TEXTBOOK   COMPANY 

77 


...r.  Ni-v;  YORK 

PUBLIC     LIBHARY 

R         '"^   .      L 


Copyrifirht.  1906.  by  International  Textbook  Company. 
Entered  at  Stationers'  Hall.  London. 


Rinjr  Frames:    Copyright.  VXO.  by  Christoimii-.r  Parkinson  Brooks.    Copyriffht. 

19<>ri.  by  Intkknational  TKXTmM>K  Cdmtany.    Knterud  at  Stationers'  Hall. 

London. 
I'otton  Mules:    C()P2TJJrh*t..lli«l.VH*  C'VR3s^J'^^0^^•^ARKI^soN  Hk<m»ks.    Copyrijjht, 

liW5.  by    lNTKRNATiruN^L/rirxTiJu<^,VoXCi'<«<0«'-     KntcTcd  at  Stationers*  Hall. 

London. 

-••   •       •  ,• •  •    • ,•• 

Twisters:    Copyrivrlit.  V.m,  hi  IN)-tu^^T{(»;l^I     rKXTiuM)K  Company.    Kntered  at 
Stationers'  Hall.  Londvfi.r  ••!  **.Z*..*      : 


Spoolers:    Copvrivrlit.  iV^UC  WSt  CAK'»<'l>f  ftj-jt  I'^rkinson  Hkooks.    C'< 
by  iNrKRNATioN  VL  Vi-.?iTWift  (V^}l/^^;^■.   ^vntvieil  at  Stationers'  1 


/opyrijrht.  IWKJ. 

1 1  all.  Loiulon. 
••  •  • •  •• 

Hcani  Warpers.  (''«)pyriK:ht.  !'>«).  by  riiRisi<»i'iii-:R  Parkinson  iluttoKS.  Copy- 
right. IWi.  by  iNTi-.RNAnoNAi,  TKXTitooK  Ct).Mi'ANV.  ICiitercd  at  Stationers' 
Hall.  Lomlon. 

Slashers:  Copvricht.  r.>0O.  by  Ciiristoi-hkk  Parkinson  Hrooks.  C<ipyiiKht.  l*«or>, 
by  iNriiRNATioNAL  Tkxtimu)K  C<iMi'ANV.     Kntered  at  .St.-itioners'  Hall,  l^ondon. 

Chain  Warpintr:  Copyrikjht.  VMi'^.  by  International  Ti.xthook  Ct)Mi'ANY.  Entereil 
at  Stationers'  Hall.  London. 


All  ritrhts  reserved. 


Printkd  in  the  United  States. 
77 


10234 


•  •    -••••   • 
\*  ;..•  • 


PREFACE 


The  International  Library  of  Technology  is  the  outgrowth 
of  a  large  and  increasing  demand  that  has  arisen  for  the 
Reference  Libraries  of  the  International  Correspondence 
Schools  on  the  part  of  those  who  are  not  students  of  the 
Schools.  As  the  volumes  composing  this  Library  are  all 
printed  from  the  same  plates  used  in  printing  the  Reference 
Libraries  above  mentioned,",  a  few-'  worcjs  -are  necessary 
regarding  the  scope  and  'purpose  of  the  instruction  imparted 
to  the  students  of — and  the  clas^  of  '^iidents  taught  by — 
these  Schools,  in  order  to'afforcl  a  ciear  understanding  of 
their  salient  and  unique  ftiatuxcis-  •  .-  '- 

The  only  requirement  for  admission  to  any  of  the  courses 
offered  by  the  International  Correspondence  Schools,  is  that 
the  applicant  shall  be  able  to  read  the  English  language  and 
to  write  it  sufficicMitly  well  to  make  his  written  answers  to 
the  questions  asked  him  intelligible.  Each  course  is  com- 
plete in  itself,  and  no  textbooks  are  required  other  than 
those  prepared  by  the  Schools  for  the  particular  course 
selected.  The  students  themselves  are  from  every  class, 
trade,  and  profession  and  from  every  country;  they  are, 
almost  without  exception,  busily  engaged  in  some  vocation, 
and  can  spare  but  little  time  for  study,  and  that  usually 
outside  of  their  regular  working  hours.  The  information 
desired  is  such  as  can  be  immediately  applied  in  practice,  so 
that  the  student  may  be  enabled  to  exchange  his  present 
vocation  for  a  more  congenial  one,  or  to  rise  to  a  higher  level 
in  the  one  he  now  pursues.  Furthermore,  he  wishes  to 
obtain  a  good  working  knowledge  of  the  subjects  treated  in 
the  shortest  time  and  in  the  most  direct  manner  possible. 
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In  meeting  these  requirements,  we  have  produced  a  set  of 
books  that  in  many  respects,  and  particularly  in  the  general 
plan  followed,  are  absolutely  unique.  In  the  majority  of 
subjects  treated  the  knowledge  of  mathematics  required  is 
limited  to  the  simplest  principles  of  arithmetic  and  mensu- 
ration, and  in  no  case  is  any  greater  knowledge  of  mathe^ 
matics  needed  than  the  simplest  elementary  principles  of 
algebra,  geometry,  and  trigonometry,  with  a  thorough, 
practical  acquaintance  with  the  use  of  the  logarithmic  table. 
To  effect  this  result,  derivations  of  rules  and  formulas  are 
omitted,  but  thorough  and  complete  instructions  are  given 
regarding  how,  when,  and  under  what  circumstances  any 
particular  rule,  formula,  or  process  should  be  applied ;  and 
whenever  possible  one  or  more  examples,  such  as  would  be 
likely  to  arise  in  actual  practice — together  with  their  solu- 
tions— are  givCn*<Qi\tAiP^CrsLtei3ji(t'f^\2iin  its  application. 
'•**^0  ••»#      •  #•  • 

In   preparing*  tRe^e  textbooks: 'if 'has  been  our  constant 
.        »••  •       ••*•  >.•• 
endeavor  to  view  thq  Jm^t?^f  ^f^  ^^^  student's  standpoint, 

and  to  try  and  apticjpate  "VXH^Y^X^^S  ^^^^^  would  cause  him 
trouble.  The  utcncfel  .'pi^iJn>/H4v^  been  taken  to  avoid  and 
correct  any  and  all  ambiguous  ex*prcssions — both  those  due 
to  faulty  rhetoric  and  those  due  to  insufficiency  of  statement 
or  explanation.  As  the  best  way  to  make  a  statement, 
explanation,  or  description  clear  is  to  give  a  picture  or  a 
diagram  in  connection  with  it,  illustrations  have  been  used 
almost  without  limit.  The  illustrations  have  in  all  cases 
been  adapted  to  the  requirements  of  the  text,  and  projec- 
tions and  sections  or  outline,  partially  shaded,  or  full-shaded 
perspectives  have  been  used,  according  to  which  will  best 
produce  the  desired  results.  Half-tones  have  been  used 
rather  sparingly,  except  in  those  cases  where  the  general 
effect  is  desired  rather  than  the  actual  details. 

It  is  obvious  that  books  prepared  along  the  lines  men- 
tioned must  not  only  be  clear  and  concise  beyond  anything 
heretofore  attempted,  but  they  must  also  possess  unequalcd 
value  for  reference  purposes.  They  not  only  give  the  maxi- 
mum of  information  in  a  minimum  space,  but  this  infor- 
mation is  so  ingeniously  arranged  and  correlated,  and  the 
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indexes  are  so  full  and  complete,  that  it  can  at  once  be 
made  available  to  the  reader.  The  numerous  examples  and 
explanatory  remarks,  together  with  the  absence  of  long 
demonstrations  and  abstruse  mathematical  calculations,  are 
of  great  assistance  in  helping  one  to  select  the  proper  for- 
mula, method,  or  process  and  in  teaching  him  how  and 
when  it  should  be  used. 

This  volume  describes  the  spinning  of  cotton  yarn  and  the 
treatment  of  the  yarn  preceding  its  insertion  into  the  loom. 
The  two  principal  types  of  spinning  machines,  the  ring 
frame  and  the  cotton  mule,  are  both  treated  in  detail  and 
due  consideration  given  to  the  matter  of  adjustments,  loca- 
tion of  faults,  calculation  of  change  gears,  etc.  After  spin- 
ning comes  the  process  of  twisting,  in  which  several  threads 
are  combined  into  one.  Next,  the  various  spooling  proc- 
esses are  described,  processes  that  have  for  their  object  the 
arrangement  of  the  yarn  in  a  form  suitable  for  the  succeed- 
ing processes  of  warping  and  slashing.  In  the  chapter  on 
warpers,  the  principal  types  are  considered,  such  as  the 
Entwistle  and  the  Draper  warpers.  Then  comes  the  process 
of  slashing,  in  which  the  yarn  is  provided  with  size  by  which 
means  it  is  enabled  better  to  withstand  the  frictional  stresses 
in  the  loom.  The  final  part  of  the  volume  is  devoted  to  the 
process  of  chain  warping,  in  which  the  yarn  is  arranged  in 
a  manner  that  will  allow  it  to  be  bleached,  dyed,  or  printed 
before  being  inserted  into  the  loom. 

The  method  of  numbering  the  pages,  cuts,  articles,  etc.  is 
such  that  each  subject  or  part,  when  the  subject  is  divided 
into  two  or  more  parts,  is  complete  in  itself;  hence,  in  order 
to  make  the  index  intelligible,  it  was  necessary  to  give  each 
subject  or  part  a  number.  This  number  is  placed  at  the  top 
of  each  page,  on  the  headline,  opposite  the  page  number; 
and  to  distinguish  it  from  the  page  number  it  is  preceded  by 
the  printer's  section  mark  (S).  Consequently,  a  reference 
such  as  ^  10,  pai^e  20.  will  be  readily  found  by  looking  along 
the  inside  ed^cs  of  the  headlines  until  §  10  is  found,  and 
then  through  .^  H'.  until  \):\'^v  2i\  is  found. 
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RING  FRAMES 

(PART  1) 


INTRODUCTION 


GENEBAIi  CONSIDERATION  OF  SPINNING 
MACHINES 

1.  As  the  roving  that  is  produced  by  the  last  fly  frame  is 
in  a  suitable  condition  to  be  converted  into  yarn,  it  undergoes 
the  operation  of  spinning:,  which  is  a  continuation  of  the  fly- 
frame  processes,  although  the  machines  employed  differ  to 
a  very  large  extent.  The  principal  object  of  the  fly-frame 
processes  is  to  attenuate  the  sliver  so  as  to  reduce  it  to 
roving;  the  machines  used  in  spinning  continue  this  attenu- 
ation and  reduce  the  roving  to  yarn  of  the  size  required. 
The  chief  point  of  difference  between  the  effects  of  these  two 
processes  on  the  roving  is  in  the  amount  of  twist  inserted;  in 
the  fly  frames,  only  sufficient  twist  is  put  in  to  enable  the  fibers 
to  hold  together  and  thus  permit  the  roving  to  be  unwound  at 
the  next  process  without  breaking,  while  with  the  machines 
used  in  spinning,  after  the  material  has  been  reduced  to  the 
correct  size,  it  is  necessary  to  put  in  sufficient  twist  not  only 
to  prevent  the  fibers  from  pulling  apart  but  also  to  give  the 
yarn  all  the  strength  that  is  required  for  the  purpose  for 
which  it  is  intended. 

Cotton  yam  is  spun  on  four  kinds  of  spinning  machines; 
namely,  the  rln^  frame,  the  throstle  frame,  the  self- 
actinflT  male,  and  the  so-called  hand  mule.  The  term 
iranu  sfnnning  includes  both  the  ring  frame  and  the  throstle 
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frame,  but  is  now  generally  applied  only  to  the  ring  spinning 
frames.  The  term  7nule  spinning  applies  to  the  self-acting 
mule  and  the  hand  mule,  but,  generally  speaking,  it  is  only 
applied  to  the  self-acting  mule.  The  throstle  frame  and 
hand  mule  are  fast  passing  into  disuse,  owing  to  the  numer- 
ous improvements  in  the  ring  frame  and  self-acting  mule, 
and  are  only  found  in  the  older  manufacturing  districts; 
consequently,  the  two  principal  spinning  machines  of  today 
are  the  ring  spinning  frame  and  the  self-acting  mule. 

The  ring  spinning  frame  differs  from  the  mule  in  that  it 
spins  continuously,  in  the  method  in  which  twist  is  imparted 
to  the  yarn,  and  in  the  manner  of  winding  the  yarn  after  it  is 
spun.  This  machine  is  very  largely  used  in  the  New  Eng- 
land States;  almost  exclusively  used  in  the  South;  is  in  gen- 
eral use  in  India,  China,  and  other  of  the  more  recently 
developed  cotton-manufacturing  countries;  and  to  a  consid- 
erable extent  on  the  continent  of  Europe.  In  England, 
however,  it  is  used  to  a  comparatively  small  extent. 

2.  Objects  and  Principles  of  Construction. — ^The 
objects  of  spinning  machinery  are:  (1)  Completing  the 
attenuation  of  the  roving  so  as  to  form  a  thread,  or  yam; 
(2)  twisting  the  yam  that  is  formed  so  as  to  give  it  the 
required  strength;  (3)  winding  or  building  the  yarn  in  suit- 
able form  for  use  at  the  next  process.  The  first  object  is 
usually  accomplished  in  the  same  manner  in  either  the  frame 
or  the  mule.  The  second  and  third  objects,  although  requi- 
site in  all  spinning  machines,  are  attained  in  different  ways, 
according  to  the  nature  of  the  spinning  process. 

The  principles  on  which  the  spinning  frame  is  constructed 
to  accomplish  its  objects  are:  (1)  Roll  drafting;  (2)  pass- 
ing the  yarn,  after  it  leaves  the  front  roll  and  before  it  is 
wound  on  a  bobbin,  through  a  device  known  as  a  traveler, 
which  rotates  at  a  high  speed  around  a  ring;  (3)  traversing 
the  ring,  which  carries  the  traveler,  in  a  vertical  direction, 
while  the  bobbin  on  which  the  yarn  is  wound  remains  in  the 
same  place,  simply  revolving  with  the  spindle  on  which 
it  is  placed. 
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3.  Passage  of  Stock. — Fig.  1  is  a  view  of  a  portion  of 
a  ring  spinning  frame,  while  Fig.  2  is  cross-section  through 
the  machine.  Its  two  sides  are  duplicates,  the  roving  being 
treated  in  precisely  the  same  manner  on  each  side  of  the 
frame,  the  ends  from  one-half  of  the  bobbins  being  spun 
into  yam  on  one  side  of  the  frame,  while  those  from  the 
other  half  are  spun  into  yam  on  the  other  side.  The  bob- 
bins of  roving  from  the  last  fly-frame  process  are  taken  to 
the  spinning  room  and  placed  in  the  creel  a,  which  is  some- 
what similar  to  the  creel  used  on  fly  frames.  The  ends  of 
roving  from  the  bobbins  in  the  lower  set  are  passed  over 
the  guide  rod  b  and  through  the  trumpets  on  the  traverse 
guide  rod  c^  while  the  roving  from  the  upper  set  of  bobbins 
passes  over  the  guide  rod  a.  and  then  to  the  traverse  rod.  In 
passing  the  roving  to  the  traverse  rod,  when  spinning  from 
double  roving,  an  end  from  a  bobbin  in  the  top  row  is  taken 
together  with  an  end  from  a  bobbin  of  the  bottom  row  and 
passed  through  a  trumpet.  They  then  pass  through  the 
drawing  rolls,  where  a  certain  amount  of  draft  is  inserted, 
and  emerging  at  the  front  are  twisted  into  one  strand,  or 
thread.  The  thread,  or  yam,  as  it  is  now  called,  pai^ses 
through  the  guide  wire  e,  through  the  traveler  /,  which  is 
moianted  on  the  ring  ^,  and  is  finally  wound  on  the  ImAp- 
bin  k.  In  some  cases  only  a  single  end  of  roving  is  pa%M:d 
through  a  trumpet  and  thence  to  the  Ix^bbin.  This  is  kr>own 
as  spinning  from  sfsgiC  roving.  Tht^  ttrms  single  awi 
double  as  used  :n  this  case  should  not  be  conftjve^  wfth  the 
same  temis  soneiinies  -ssed  to  ces:gr.ate  defe/.^.b  :r*  r^vir-g 
or  yam* 
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4.  Creel. — Owing  to  the  fact  that  the  roving  must  be 
delivered  to  both  sides  of  a  spinning  frame,  the  creel  of  this 
machine  differs  from  the  ordinary  construction,  being  so 
made  that  the  roving  may  be  passed  to  both  sets  of  draw- 
ing rolls.  The  creel  of  a  spinning  frame  may  be  one-,  two-, 
or  three-tier  deep,  the  one  on  the  frame  shown  in  Figs.  1 
and  2  being  a  two-tier  creel.  It  consists  of  rails  ^^^,  ^^„  a, 
supported  by  brackets  a,  attached  to  the  rod  a*.  The  lower 
rail  ax  carries  on  its  upper  side  small  cups,  or  steps,  usually 
made  of  glass,  that  form  bearings  for  the  skewers  that* 
hold  the  lower  tier  of  bobbins  in  position,  while  on  the 
under  surface  of  the  rail  a^  are  placed  holes  into  which  the 
tops  of  the  skewers  project,  thus  holding  the  skewers, 
together  with  the  bobbins,  in  position  and  at  the  same  time 
allowing  the  bobbins  to  revolve  freely  as  the  roving  is 
unwound.  The  rail  a,  also  car-ries  on  its  upper  surface  steps 
that  serve  as  supports  for  the  ;Sk.evvirs  of  the  top  row  of 
bobbins,  while  the  under  surface  of  the  rail  a,  is  provided 
with  holes  into  which  these  skewers  project.  The  upper 
surface  of  the  rail  a,  provides-  a  .place  iox  storing  full  bob- 
bins, from  which  they  may  readily  be  taken  when  it  is 
necessary  to  replace  in  the  creel  any  bobbins  that  have 
become  empty.  The  rails  a^^  a,  are  adjustable,  so  that  the 
distance  between  the  rails  can  be  changed  to  accommodate 
any  length  of  bobbin.  Fastened  to  each  side  of  the  rail 
fl,  are  brackets  a.,  a,  that  support  the  guide  rods  «,;  these 
rods  serve  to  conduct  the  roving  from  the  upper  tier  of 
bobbins  to  the  drawing  rolls,  and  thus  prevent  its  coming 
in  contact  with  the  rail  a,. 

5.  Rolls. — The  drawing  rolls  of  a  spinning  frame  are 
of  the  usual  construction  of  drawing  rolls,  the  top  rolls 
being  of  the  common  leather-covered  type.  They  have 
two  bosses,  either  short  or  long  bosses.  The  short  boss,  which 
is  preferable  for  fine  work,  acts  on  only  one  end,  while 
the  long  boss  acts  on  two  ends.  The  cap  bars  for  these 
rolls  are  adjustable  and  so  arrang^ed  that  each  one  is 
independent  of  the  others,  being  divided  so  that  when  the 
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bar  is  thrown  back  only  its  own  particular  set  of  rolls  is 
affected.  Sufficient  space  is  also  left  between  the  two 
sections  of  the  cap-bar  finger  over  the  roll  bearings  to  allow 


Pig.  3 


the  bottom  rolls  to  be  oiled.  The  bottom  rolls  are  made 
of  crucible  steel,  hardened  throughout,  and  have  either  a 
short  or  a  long  boss,  as  may  be  required  by  the  top  rolls. 
The  front  bottom  roll  is  usually  1  inch  in  diameter,  while 
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the  second  and  back  bottom  rolls  are  each  about  i  inch  in 
diameter. 

The  rolls  are  weighted  by  means  of  the  saddle  and  bridle 
system,  as  shown  in  Fig.  3.  The  saddles  flf„  d^,  which  are 
made  of  cast  iron,  are  provided  with  oil  chambers  at  the  top, 
while  holes  nm  from  these  oil  chambers  to  the  roll  bearings. 
Woolen  yams  are  drawn  through  these  holes  so  that  their 
ends  just  touch  the  bearings  of  the  rolls,  and  since  the  yam 
absorbs  the  oil  and  delivers  it  to  the  rolls  as  needed,  this 
method  provides  a  good  means  of  constantly  lubricating  the 
bearings.  The  front  saddle  d^  is  made  long  enough  to  reach 
nearly  to  the  back  roll,  and  rests  on  a  raised  surface  on  the 
back  saddle  very  near  the  back  roll.  The  back  saddle  d^ 
spans  the  back  and  middle  rolls,  and  as  the  weight  from  the 
front  saddle  is  applied  nearer  the  back  than  the  middle  roll, 
the  larger  portion  of  the  weight  will  be  thrown  on  the 
former.  The  stirrup  af,,  which  is  suspended  from  the  sad- 
dle d,f  extends  downwards  between  the  front  and  middle 
rolls  and  has  a  weight  lever  d^  passing  through  it  at  its 
lower  end.  *  The  nose  of  the  weight  \ewer  is  attached  to  the 
roll  beam  by  means  of  the  lever  screw  d,,  while  the  opposite 
end  carries  a  hook  d,  that  supports  the  weight  flf,.  The 
upper  surface  of  the  weight  lever  d,  is  usually  provided  with 
two  or  three  notches  in  any  one  of  which  the  hook  may  rest, 
thus  providing  a  ready  means  of  altering  the  weight  on 
the  rolls. 

Other  systems  of  weighting  the  rolls  are  used,  more 
especially  the  single-saddle  system,  which  is  adopted  for 
fine  yarns,  and  in  which  one  saddle  rests  on  the  front  and 
back  rolls,  while  the  middle  roll  has  no  weight  on  it  what- 
ever. Opinions  vary  as  to  which  is  the  better  method,  even 
on  the  same  class  of  work,  as  some  overseers  of  spinning 
have  been  very  successful  with  the  single,  while  still  others 
have  been  equally  successful  with  the  double  system,  even 
going  to  the  extreme  of  using  it  on  combed  sea-island  stock 
and  spreading  the  rolls  fully  li  inches  or  more. 

The  weight  required  on  rolls  depends  on  circumstances. 
Coarse  work  requires  more  than  fine;  double  roving  and  long 
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draft,  more  than  single  roving:  and  short  draft.  On  ordinary 
numbers,  say  from  20s  to  60s,  with  double  roving  and 
medium  draft,  a  weight  with  sufficient  leverage  to  give  a 
pressure  of  25  to  30  pounds  on  the  rolls  should  be  sufficient. 

6.  The  path  followed  by  the  roving  while  passing 
through  the  rolls  is  not  parallel  with  the  upper  surface  of 
the  roll  beam,  but  forms  an  angle  with  it,  the  back  rolls 
being[  farther  from  the  roll  beam  than  the  front  rolls.  The 
object  of  placing  the  rolls  in  this  position  is  to  allow  the 
twist  as  it  is  inserted  in  the  yarn  to  run  up  nearly  to  the  bite 
of  the  rolls  instead  of  only  to  some  point  nearer  the  front  on 
the  outer  circumference  of  the  bottom  front  roll,  as  would  be 
the  case  if  the  path  which  the  roving  follows  through  the 
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rolls  were  parallel  with  the  roll  beam.  Since  the  stock  when 
delivered  by  the  front  rolls  of  the  spinning  frame  has  been 
drawn  very  fine  and  contains  only  a  comparatively  small 
number  of  fibers  in  a  cross-section,  it  should  be  twisted 
immediately  on  leaving  the  front  sets  of  rolls,  in  order  that 
it  may  not  be  strained  and  the  continuity  of  the  strand 
destroyed.  That  the  angle  at  which  the  rolls  arc  set  provides 
for  this  may  be  understood  by  referring  to  Fig.  4  (a)  and 
(d).  Fig.  4  (a)  shows  the  position  that  the  yam  would  assume 
when  delivered  by  rolls  placed  at  the  same  distance  from  the 
roll  beam,  while  Fig.  4  (6)  shows  the  position  that  the  yam 
assumes  when  the  front  roll  is  lower  than  the  back  one. 
Referring  to  Fig.  4  (a),  the  yam,  as  it  is  delivered  by  the 
rolls,  is  drawn  over  the  surface  of  the  bottom  front  roll  for  a 
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distance  equal  to  between  one-fourth  and  one-fifth  of  the 
entire  circumference  of  this  roll;  consequently,  the  twist  is 


Fig.  5 


not  allowed  to  run  up  on  the  yarn  any  higher  than  the  point 
at  which  it  leaves  the  bottom  roll,  which  is  indicated  by 
an  arrow.     Between  the  bite  of  the  front  rolls  and  the  arrow 
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no  twist  is  inserted,  and  as  the  fibers  are  subjected  to  con- 
siderable strain,  they  are  very  liable  to  be  so  pulled  as  to 
cause  uneven  yarn  and  frequent  breakage.  In  Fig.  4  (d),  the 
conditions  are  shown  that  actually  exist  in  the  ring  spinning 
frame;  owing  to  the  inclination  of  the  rolls,  the  yarn  ceases 
to  be  in  contact  with  the  front  roll  almost  at  the  same  time 
that  it  leaves  the  bite  of  the  rolls,  and  as  there  is  no  obstruc- 
tion to  the  twist,  it  runs  up  nearly  to  the  bite  of  the  rolls. 

The  path  of  the  yam  while  passing  through  the  rolls, 
that  is,  the  working  plane  of  the  rolls,  makes  an  angular 
inclination  with  a  horizontal  plane  varying  from  15°  to  35°, 
commonly  spoken  of  as  the  angle,  or  pitch,  of  the  rolls. 
For  frames  spinning  warp  yarn,  the  angle  is  usually  about  24°; 
while  for  frames  spinning  filling  yarn,  the  usual  angle  is 
about  31°.  With  warp  yarn,  especially  when  considerable 
twist  is  being  inserted,  the  angle  at  whicn  the  rolls  are  set 
does  not  very  materially  affect  the  yam,  but  with  filling 
yam,  especially  if  slack-twisted  and  spun  from  short-staple 
cotton,  a  considerable  pitch  is  required.  The  position  of 
the  roll  stands  on  the  roll  beam  will  also  be  found  to  affect 
the  pitch  of  the  rolls,  since  the  farther  back  the  stands  are 
placed,  the  less  pitch  will  be  required  in  the  rolls. 

The  stands  for  the  rolls  ^o  not  differ  much  from  the 
ordinary  construction  of  roll  stands,  with  the  exception  that 
the  bearings  for  the  bottom  rolls  are  so  made  that  only 
the  distance  between  the  two  front  rolls  can  be  changed, 
the  second  and  back  rolls  having  their  bearings  in  one  piece. 
The  top  clearers  for  the  rolls  are  of  the  ordinary  type,  as 
shown  in  Fig.  5,  while  the  bottom  ones  consist  of  round 
rolls  di9,  covered  with  cloth,  and  rotated  by  frictional  con- 
tact with  the  bottom  rolls.  At  each  end  of  the  roll  ^„  is  a 
small  stud  that  fits  into  a  notch  in  the  end  of  a  weighted 
lever  ^,i  fulcrumed  on  a  stud  attached  to  the  roll  stand. 
Since  the  inner  end  of  this  lever  is  weighted,  it  forces 
upwards  the  end  that  carries  the  clearer,  thus  causing  the 
clearer  to  be  kept  in  contact  with  the  bottom  rolls.  When 
an  end  breaks  between  the  front  rolls  and  the  bobbins,  it 
usually  winds  around  this  bottom  clearer. 
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7,  Guide  Wires. — The  two  ends  of  roving:  that  are 
passed  through  the  same  trumpet  of  the  traverse  rod  at  the 
back  are  twisted  into  one  strand  as  they  emerge  from  the 
front  rolls  and  pass  through  a  grulde  wire  e.  Fig.  5,  that 
serves  to  give  the  yarn  its  correct  position  for  winding  on 
the  bobbin.  This  guide  wire  consists  of  a  curved  piece  of 
wire  so  arranged  that  it  forms  a  circular  hole,  with  the  part 
of  the  circle  where  the  yarn  rests  directly  over  the  center  of 
the  spindle.  The  guide  wire,  or  tliread  gruide  as  it  is 
often  called,  is  so  shaped  that  the  yarn  can  be  readily 
slipped  into  the  hole  but  will  not  fly  out;  it  also  contains  a 
notch  ex  known  as  a  kink  arrester.  In  case  any  obstruction 
prevents  the  yarn  from  winding  on  the  bobbin,  or  if  the  traveler 
breaks,  the  yam  tends  to  fly  out  and  become  entangled  with 
adjacent  ends,  thus  breaking  them  down.  To  prevent  this, 
the  notch  Cx,  clearly  shown  in  Fig.  6,  is  provided  in  the  thread 
guide,  which  catches  and  cuts  the  yam  in  case  it  is  not  wind- 
ing on  the  bobbin  properly,  the  loose  end  that  comes  from 
the  rolls  being  wound  around  the  bottom  clearer.  Each 
thread  guide  is  screwed  into  a  board  r„  Fig.  5,  that  is  hinged 
to  the  board  e^;  there  is  one  board  similar  to  e^  for  each  thread 
guide,  while  the  board  ^„  for  ordinary  frames,  is  in  two  sec- 
tions, each  section  extending  half  the  length  of  the  frame. 
The  parts  ^„  e»  together  are  known  as  the  wire,  or  tliread, 
board;  the  part  ^,  is  capable  of  being  thrown  up  out  of  the 
way  irrespective  of  any  other  part,  or  the  part  e^  may  be 
thrown  up  and  held  by  a  catch,  thus  lifting  all  the  thread 
guides  attached  to  it  out  of  position.  This  is  necessary 
when  removing  the  bobbins  from  the  spindles. 

Thread  boards  similar  to  that  shown  in  Fig.  5  are  not 
found  to  be  entirely  satisfactory.  As  there  is  no  means  of 
holding  the  thread  guide  positively  in  its  correct  position,  it 
is  liable  to  be  turned  slightly,  which  would  throw  the  kink 
arrester  out  of  position;  or  the  thread  guide  may  be  given  a 
complete  turn,  which  would  give  it  a  wrong  position  with 
respect  to  the  spindle.  As  the  thread  boards  are  made  of 
wood,  they  are  also  affected  by  atmospheric  conditions.  To 
overcome  these  disadvantages,  there  has  recently  been  placed 


§38 


RING  FRAMES 


11 


on  the  market  a  thread  board  that  has  the  part  similar  to  e^ 
made  of  sheet  steel,  and  has  the  thread  guide  securely  locked 
in  position.  Referringf  to  Figf.  6,  that  part  of  the  thread 
Sfuide  €  that  projects  into  the  thread  board  is  made  triangular 
in  shape  and  is  held  by  the  binding  nut  e^.    To  regulate  the 
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position  of  the  guide,  the  nut  ^«  is  loosened,  when  the  guide 
may  be  moved  to  its  correct  position  and  then  securely  fast- 
ened. Since  the  part  held  by  the  nut  is  not  circular  in  shape, 
the  guide  is  prevented  from  turning;  consequently,  there  is  no 
liability  of  the  kink  arrester  assuming  an  incorrect  position. 

8,  Travelers. — From  the  thread  guide  the  yam  passes 
to  the  traveler  /,  an  enlarged  view  of  which  is  given  in 
Fig.  7;  it  is  a  steel  clip,  mounted  on  a  ring  g  around  which 
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it  is  free  to  revolve.  The  objects  of  the  traveler  are  to  guide 
the  yam  to  the  bobbin  and  to  provide  a  means  of  inserting 
twist  in  the  yam.     When  seeking  to  understand  the  manner 
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in  which  the  traveler  inserts  twist  in  the  yam,  it  should  be 
remembered  that  the  bobbin  on  which  the  yam  is  wound 
revolves  at  a  high  rate  of  speed  and  that  this  speed  is  con- 
stant throughout  the  building  of  the  bobbin;  also,  that  the 
front  rolls  deliver  a  constant  length  of  yam.  Suppose,  for 
illustration,  that  the  bobbin  is  i  inch  in  diameter  and  that  it 
makes  9,000  revolutions  per  minute;  also,  that  the  front  rolls 
are  delivering  471  inches  of  yarn  in  1  minute.  Then  the  tend- 
ency of  the  bobbin  will  be  to  wind  on  I  X  3.1416  X  9.000 
=  21,206  inches  of  yarn  in  the  same  time  that  only  471  inches 
is  delivered.  This  will  necessarily  result  in  the  yarn  being 
broken  between  the  front  rolls  and  the  bobbin.  If,  however, 
the  yarn  is  passed  through  some  such  mechanism  as  the 
traveler  that  revolves  with  the  bobbin,  one  of  several  results 
will  take  place:  if  the  traveler  makes  the  same  number  of 
revolutions  per  minute  as  the  bobbin,  no  yam  will  be  wound 
on  the  bobbin;  if  the  traveler  makes  a  number  of  revolutions 
equal  to  the  number  of  revolutions  made  by  the  bobbin  less 
the  number  of  revolutions  required  by  the  bobbin  to  take  up 
the  yarn  delivered,  the  yarn  will  be  wound  on  the  bobbin 
and  at  the  same  time  twist  will  be  inserted  in  the  yam;  if 
the  traveler  makes  a  less  number  of  revolutions  than  that 
cited  in  the  last  instance,  the  yarn  will  be  broken  between 
the  rolls  and  the  bobbin. 

Since  the  bobbin  tends  to  wind  on  itself  more  yarn  than  is 
delivered,  a  tension  is  maintained  in  the  yam,  and  this  tension 
being  transmitted  to  the  traveler  causes  the  latter  to  revolve 
around  the  ring  on  which  it  is  mounted.  The  traveler  is 
made  just  sufficiently  heavy  to  make  it  necessary  that  the 
yarn  exert  some  strain  before  causing  the  traveler  to 
revolve,  and  yet  this  strain  is  not  great  enough  to  break  the 
yarn.  If  the  front  rolls  deliver  471  inches  per  minute  and 
the  bobbin  is  i  inch  in  diameter,  471  -r-  (3.1416  X  f )  =  200. 
nearly,  revolutions  of  the  bobbin  will  be  taken  up  in  winding 
on  this  roving,  and  the  traveler  will  make  9,000  -  200  =  8,800 
revolutions  as  it  is  carried  around  by  the  yarn.  This  will 
have  exactly  the  same  effect  as  if  471  inches  of  yam  was 
held  firmly  at  one  end  and  the  other  end  twisted  8,800  times. 
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and  will  give  8,800  -i-  471  =  18.683,  turns  per  inch  in  the 
yarn.  Hence,  in  ring  spinning  frames  the  following  con- 
ditions exist:  a  bobbin  revolving  at  a  much  higher  rate  of 
speed  than  is  required  to  wind  on  the  yarn  delivered,  and  a 
traveler  introduced  that  compensates  for  this  excess  speed 
by  revolving  the  yarn  at  a  slightly  less  speed  than  the  bobbin. 
Since  the  diameter  of  a  full  bobbin  exceeds  that  of  an  empty 
one,  and  since  the  bobbin  makes  the  same  number  of  revo- 
lutions per  minute  throughout  the  time  that  it  is  being  filled, 
its  circumferential  speed  must  be  greater  when  full  than  when 
empty;  consequently,  when  the  bobbin  is  nearly  full,  the 
traveler  will  be  making  more  revolutions  per  minute  and 
putting  in  more  twist  than  when  the  bobbin  is  empty.  The 
difference,  however,  is  so  slight  that  it  is  not  considered  in 
the  construction  of  ring  frames,  and  consequently  there  will 
be  found  no  device  on  these  machines  for  equalizing  the 
twist  in  the  yarn. 

9.  As  travelers  are  often  run  at  a  speed  of  50  miles  an 
hour,  day  in  and  day  out,  they  should  be  carefully  made. 
Travelers  are  prepared  from  the  highest  grade  steel  wire 
drawn  to  the  correct  size  and  gauged  to  .001  inch.  This  wire 
is  flattened',  rolled,  and  annealed,  after  which  it  is  cut  and 
bent  on  automatic  machines  to  the  shape  desired.  The 
travelers  are  then  hardened,  tempered,  scoured,  and  polished, 
each  process  requiring  the  greatest  amount  of  skill  and 
exactness.  There  are  many  kinds  of  travelers,  but  the  two 
principal  varieties  are  those  having  the  points  /»,  Fig.  7, 
rounded,  as  shown  in  this  figure,  and  those  having  square 
points.  The  round-poipted  traveler  is  generally  preferred  to 
the  square-pointed  traveler,  which  is  the  older  form.  Not 
only  do  travelers  differ  in  the  shape  of  the  points,  but  also  in 
the  extent  to  which  the  wire  is  flattened,  giving  either  a 
broad  or  a  narrow  back,  and  in  the  arch  of  the  circle,  some 
having  a  round  back,  while  others  are  somewhat  flattened. 
There  is  also  a  slight  difference  in  the  flange,  or  the  turned-up 
portion,  of  the  traveler.  Travelers  are  placed  in  position  by 
springing  them  on  the  rings;  consequently,  they  should  be 
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No.  of 
Traveler 

Weight  of 

Ten 
Travelers 

No.  of 
Traveler 

Weight  of  1 
Ten       1 
Travelers 

No.  of 
Traveler 

Weight  0 

Ten 
Traveler 

Grains 

Grains 

Grains 

53 

118 

26 

64 

I    -0 

9 

52 

116 

25 

62 

2  -0 

8i 

51 

114 

24 

60 

3  -0 

8 

50 

112 

23 

58 

4  -0 

7i 

49 

no 

22 

56 

5  -0 

7 

48 

108 

21 

54 

6  -0 

6i 

47 

106 

20 

52 

7  -0 

6 

46 

•  104 

19 

50 

7i-o 

si 

45 

102 

18 

48 

8  -0 

si 

44 

100 

17 

46 

8i-o 

si 

43 

98 

16 

44 

9  -0 

5 

42 

96 

15 

42 

9i-o 

4I 

41 

94 

14 

39 

10  -0 

4+ 

40 

92 

13 

36 

loi-o 

4i 

39 

90 

12 

33 

II  -0 

4 

38 

88 

II 

30 

12  -0 

3f 

37 

86 

10 

26 

13  -0 

3i 

36 

84 

9 

23 

14  -0 

si 

35 

82 

8 

20 

15  -0 

3 

34 

80 

7 

18 

16  -0 

2f 

33 

78 

6 

16 

17  -0 

2i 

32 

76 

5 

14 

18  -0 

2i 

31 

74 

4 

13 

19  -0 

2 

30 

72 

3 

12 

20  -0 

ij 

29 

70 

2 

1 1 

21  -0 

'      iJ 

28 

68 

I 

10 

22  -0 

li 

27 

66 

23  -0 

I 
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made  with  the  correct  size  of  flange  for  the  ring  used  and 
with  as  small  a  distance  between  the  points  of  the  flanges 
as  will  go  on  the  ring  without  unnecessary  breakage.  The 
tendency  now  is  toward  narrow-flanged  rings,  allowing  a 
stronger  traveler  without  increasing  its  weight. 

The  weight  of  travelers  is  indicated  by  a  scale  commen- 
cing with  the  heaviest,  the  travelers  becoming  lighter  as  the 
numbers  are  reduced  to  No.  1.  In  other  words,  taking  No.  1 
traveler  as  the  standard  with  a  weight  of  approximately 
1  grain,  travelers  weighing  more  than  1  grain  each  are  indi- 
cated by  numbers  from  1  higher;  the  higher  the  number,  the 
heavier  the  traveler.  Travelers  lighter  than  1  grain  are  indi- 
cated by  whole  numbers  with  0  added  from  1-0  to  23-0;  the 
higher  the  number,  the  lighter  the  traveler.  Table  I  shows 
the  approximate  weight,  in  grains,  of  ten  travelers  from 
No.  53  to  No.  23-0,  as  made  by  one  firm. 

There  are  numerous  other  makes  of  travelers  on  the 
market,  and  although  the  same  numbers  are  used  for  desig- 
nating the  size  of  the  traveler,  these  numbers  do  not  indicate 
the  same  weight  in  all  makes. 

10.  Rinsrs. — The  rings  on  which  the  travelers  are 
mounted  are  made  of  steel;  they  should  be  perfectly  smooth 
and  as  nearly  round  as  it  is  possible  to  make  them,  so  that 
they  will  offer  the  least  resistance  to  the  traveler.  The 
inside  diameter  of  the  rings  determines  their  size,  and  will  be 
found  to  vary  with  the  different  coimts  of  yarn  that  are  spun; 
for  28s  warp  yam  a  ring  li  inches  in  diameter  is  often  used. 

Rings  may  contain  one  or  two  flanges,  but  it  is  more 
common  to  make  them  with  two  flanges,  as  shown  in  Fig.  7. 
They  are  supported  on  the  frame  by  means  of  holders, 
which  may  be  either  of  the  cast-iron  type,  shown  at  ^„ 
Fig.  7,  or  of  the  plate  type,  shown  in  Fig.  8.  In  the  cast- 
iron  holder,  a  slot  ^„  Fig.  7,  is  cut,  which  allows  the  holder 
to  be  sprimg  slightly  and  thus  permits  the  lower  flange  of 
the  ring  to  be  forced  into  a  recess  in  the  upper  part  of  the 
holder.  The  rail  y,  Fig.  7,  of  the  spinning  frame  that  sup- 
ports these  parts,  known  as  the  ring  rail,  contains  holes 
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slightly  larger  in  diameter  than  the  outside  diameter  of  that 
part  of  the  holder  that  projects  into  them,  the  flange  of  the 
holder  resting  on  the  upper  surface  of  the  rin^  ralL  Three 
screws  similar  to^*,  Fig.  7,  two  of  which  are  at  the  front  of 
the  rail  and  one  at  the  back,  pass  through  the  ring  rail  and 
serve  to  keep  the  holder  in  its  correct  position.  In  opera- 
tion, it  is  very  essential  that  the  spindle,  which  passes 
through  the  ring,  should  be  equally  distant  from  every  point 
on  the  inside  of  the  ring.  To  provide  a  ready  means  of 
making  any  necessary  adjustment^  the  parts  are  made   as 

described,  thus  allow- 
ing the  holder,  to- 
gether with  the  ring, 
to  be  moved  within 
certain  limits  and 
held  in  the  desired 
position  by  means  of 
the  screws. 

The  second  type  of 
ring  holder,  shown  in 
Fig.  8,  cohsists  of  a 
plate,  Fig<  S  (^i),  that 
rests  on  the  top  of 
the  ring  rail,  to  which 
it  is  attached  by  small 
screws  that  pass  through  the  slots  g^,  thus  allowing  an 
adjustment  similar  to  the  cast-iron  holden  Three  small 
clips  ^*  carried  by  the  holder,  and  hilo  which  the  lower 
flange  of  the  ring  is  sprung,  serve  to  hold  the  ring  firmly 
in  position,  as  shown  in  Fig.  %  ib).  As  it  is  necessary  to 
have  the  ring  rails  perfectly  level  at  all  times,  it  is  usually 
the  custom  to  make  them  in  sections  instead  of  having  one 
long  rail  for  each  side  of  the  frame,  thus  avoiding  any  liability 
of  the  rail's  sagging  in  the  center. 


I 


11*  Traveler  Cleaner, — In  order  to  remove  the  fly 
that  naturally  collects  on  the  traveler  from  the  yarn  passing 
through  it,  there  is  attached  to  all  makes  of  holders  or  rings 
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an  appliance  known  as  a  traveler  cleaner.  When  cast-iron 
holders  are  used,  this  generally  consists  of  a  bent  piece  of 
wire  gxy  Fig.  7,  sprung  around  the  ring  and  having  a  projec- 
tion that  the  traveler  just  escapes;  thus,  any  fibers  carried  by 
the  traveler  are  caught  by  this  projection  and  removed.  In 
the  plate  holder  there  is  a  lip^i,  Fig.  8,  punched  out,  which 
projects  high  enough  to  catch  any  fly  that  may  be  carried  by 
the  traveler,  thus  serving  -the  same  purpose  as  the  wire 
cleaner  on  the  ring  in  the  previous  case. 

12,  Bobbins. — The  bobbins  on  which  the  yarn  is  wound 
as  it  passes  from  the  travelers  are  made  of  wood  and  are  of 
two  types — warp  bobbt7is  for  warp  yam  and  filling  bobbins  for 
filling  yarn.  The  bases  of  the  bobbins  set  snugly  either  in 
a  cup  arrangement  or  on  a  bushing  provided  on  the  spindles 
and  by  this  means  receive  motion;  consequently,  as  the  yam 
passes  directly  to  the  bobbin  from  the  traveler,  it  is  the 
revolving  of  the  bobbin  that  exerts  the  pull  on  the  yarn 
necessary  to  set  the  traveler  in  motion.     With  the  ordinary 


ring  and  traveler,  it  is  impossible  to  wind  the  yarn  on  a  bare 
spindle,  owing  to  the  diameter  of  the  spindle  being  so  small 
that  the  yarn  in  passing  to  it  from  the  traveler  would  pass 
almost  directly  to  the  center  of  the  ring.  This  is  more 
clearly  shown  in  Fig,  9  (a),  the  circle  g  representing  the 
inside  of  the  ring  and  the  circle  k  the  outside  of  the  spindle. 
The  yam,  as  represented  by  the  line  a,  in  being  passed  from 
the  traveler  /  to  the  spindle  k  practically  coincides  with  the 
radius  of  the  ring;  consequently,  in  this  case  the  pull  of  the 
yam  tends  to  draw  the  traveler  toward  the  center  of  the  ring 
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instead  of  drawing  it  around  the  ring  as  is  desired.  If,  how- 
ever, a  bobbin  is  placed  on  the  spindle,  as  shown  at  h^ 
Fig.  9  (^),  and  the  yam  passed  to  the  outside  of  the  bobbin 
instead  of  to  the  spindle,  the  position  that  the  yarn  will  assume 
may  be  represented  by  the  line  ^,  in  which  case  the  pull  of 
the  yam  will  tend  to  revolve  the  traveler  around  the  ring 
rather  than  pull  it  toward  the  center  of  the  ring.  Different 
sizes  of  bobbins  are  used  on  ring  frames,  but  on  account  of 
the  point  just  stated,  it  has  been  the  custom  in  recent  years 
to  use  larger  rings  and  larger  bobbins,  a  i-inch  bobbin  with 
a  traverse  of  7  inches  being  about  right  for  28s  warp. 

For  the  same  reasons,  a  bobbin  filled,  or  nearly  filled,  with 
yam,  being  larger  in  diameter,  will  draw  the  traveler  around 
with  less  tension  on  the  yarn  than  with  an  empty  bobbin; 
this  is  more  clearly  shown  in  Fig.  9  (r),  where  the  direction 
of  the  yarn  when  winding  on  a  full  bobbin  is  shown  by  the 
line  c\  consequently,  the  effect  of  the  traveler  on  the  yam  is 
not  the  same  throughout  the  filling  of  the  bobbins.  Although 
this  difference  is  slight,  it  is  a  defect  that  has  not  as  yet  been 
successfully  met  by  builders  of  ring  frames. 

13.  Spindles. — The  spindles  form  one  of  the  most 
important  parts  of  a  ring  spinning  frame,  and  on  them 
depends  to  a  great  extent  the  successful  and  economical 
operation  of  ring  spinning  frames.  A  special  feature  of  a 
ring-frame  spindle  is  that  it  is  what  is  known  as  a  gravity 
spindle,  sometimes  called  a  top,  an  elastic,  or  a  flexible  spindle, 
which  indicates  that  it  is  allowed  to  find  its  own  best  center  of 
rotation  within  certain  limits,  thus  reducing  or  removing  the 
liability  of  excessive  vibration  and  wear.  The  older  style  of 
spindle  was  a  rigid  spindle,  and  this  vibration  and  wear  was 
a  frequent  occurrence  when  the  spindle  became  slightly  out 
of  balance.  There  are  numerous  makes  of  ring-frame  spin- 
dles on  the  market,  and  the  purchaser  of  frames  has  his 
choice,  since  it  is  not  necessary  to  adopt  any  one  make  of 
spindle  with  a  particular  make  of  frame. 

Fig.  10  (a)  is  a  perspective  view  of  the  Whitin  spindle, 
while  Fig.  10  {b)  shows  the  spindle  partly  in  section.     It 
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consists  of  a  long,  slender,  tapered  steel  shaft  k  known  as 
the  spindle  blade y  the  lower  part  of  which  is  in  an  inner 
casing  k^  supported  on  a  solid  pin  k^  milled  into  the  bottom 
of  the  outer  casing,  or  bolster,  k».  The  inner  cas'ng  is 
slightly  smaller  at  the 
bottom  than  the  inside  of 
the  outer  casing,  which 
allows  the  base  of  the 
blade  a  slight  lateral 
movement  and  thus  per- 
mits the  spindle  to  find 
its  own  center  of  ro- 
tation within  certain 
limits.  Above  the  inner 
casing  and  attached  to 
the  spindle  is  a  brass 
ring  k^  large  enough  in 
outside  diameter  to  fit 
the  inside  of  the  outer 
casing  and  prevent  the 
oil  from  rising  and  flow- 
ing over  the  top  of  the 
bolster.  The  spindle 
also  carries  a  whorl  ^., 
which  forms  a  pulley 
for  the  spindle  band  to 
pass  around.  It  is  by 
this  means  that  the 
spindle  receives  its  ro- 
tary motion.  Above  the 
whorl  is  a  tapered  steel 
bushing  k.  that  fits  the 
inside  of  the  bobbin  and  *''**•  ^® 

thus  causes  the  bobbin  to  revolve  with  the  spindle.  The 
oil  is  applied  by  means  of  a  tube  k,  that  forms  a  part  of  the 
outer  casing.  The  oil  percolates  into  the  bolster  case  and 
thence,  by  means  of  two  small  holes  ^„  into  the  inner  casing 
and  on  to  the  spindle. 


14. 
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The  Wood* 
niancy  doffer  guard 
and  oi]  tubi^  cap, 
which  is  applied  to 
almost  all  modern 
spindles,  consists  of  a 
*ii  cover,  or  cap,  shown 
at  k^.  Fig.  10»  hinged 
to  a  projection  or  en- 
larged portion  of  the 
upright  oil  tube.  The 
portion  of  the  cap 
nearest  the  spindle 
projects  beyond  the 
hinge  in  the  form  o{ 
a  hook  and  extends 
over  the  whorl  for  a 
short  distance,  in 
order  to  prevent  the 
spindle  blade  from 
being  removed  from 
its  position  in  its 
bolster  when  the 
machine  is  nrnning* 
When  it  becomes  nec- 
essary to  remove  the 
spindle  blade^  it  may 
be  done  by  simply 
raising  the  cap  and 
uncovering  the  oil 
tttbe»  which  forces  the 
hook  downipvards  out 
of  reach  of  the  whorl 
of  the  spindle  and 
thus  leaves  soflficient 
room  for  the  spindle 
blade  to  be  removed » 
The  lower  portion  of 
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the  bolster  of  the  spindle  passes  through  the  spindle  rail  /,, 
Fig.  2,  and  is  held  securely  in  position  by  the  nut  ^,..  The 
spindle  rail  is  a  stiff  iron  rail  running  the  entire  length  of  the 
frame  and  securely  attached  to  the  sampsons  /.,  Fig.  2. 

15.  Fig.  11  (a),  (^),  and  {c)  shows  the  Draper  spindle, 
which  is  very  largely  used.  Although  this  spindle  some- 
what resembles  the 
Whitin,  it  differs  in  its 
details,  principally  in  the 
construction  of  the  inner 
casing.  The  parts  of 
this  inner  casing  are 
shown  separately  in 
Fig.  11  (c)\  k,  is  the 
main  piece,  a  part  of 
which  is  surrounded 
by  packing  ^»,;  the  oil 
tube  kj  feeds  the  oil  di- 
rectly to  this  packing, 
which  absorbs  the  oil 
and  delivers  it  through 
the  oil  holes  k^  to  the 
blade  of  the  spindle. 
One  end  of  the  spring  ^„ 
projects  into  a  slot  in  the 
lower  part  of  i'„  while 
its  other  end  passes 
through  a  hole  in  the 
screw  i',,,  which  screws 
into  k^  and  serves  as  a 
footstep  for  the  spindle 
blade.  The  object  of 
this  construction  is  to 
relieve  any  binding  ac- 
tion that  may  take  place 
between  the  spind!e  blade  and  the  inner  casing,  ar*d  i% 
accomplished  as  follows:     In  ca«:  any  binding  tak':%  place 
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between  the  spindle  blade  and  k^,  the  revolving  of  the 
blade  will  tend  to  turn  k^  down  on  screw  ^,„  thus  compress- 
ing the  spring  ^t,.     As  the   slot   shown   in    the  screw  k^^ 


Fu;.  n 


engages  with  a  pin  in  the  base  of  the  spindle,  k^  will  occupy 
a  lower  position  as  it  is  turned  downwards,  although  the 
spindle  blade  will  remain  at  the  same  height,  since  kx%  is 
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stationary.  As  the  recess  in  K  in  which  the  bottom  of  the 
spindle  blade  rests  is  larger  at  the  top  while  the  bottom  of 
the  spindle  also  has  a  corresponding  taper,  this  downward 
motion  of  k^  will  tend  to  relieve  the  binding.  On  the  other 
hand,  should  the  spindle  blade  be  fitting  too  loosely  in  the 
part  kx,  the  spring  k^^  will  tend  to  revolve  k^  in  the  opposite 
direction,  forcing  it  upwards  and  thus  fitting  the  blade  more 
closely.  In  this  make  of  spindle,  the  bobbin,  instead  of  fit- 
ting tightly  over  the  spindle  blade,  sets  into  a  bobbin  cup  *. 
and  is  thus  rotated  with  the  spindle. 

Fig.  12  shows  another  spindle  of  this  same  type,  known 
as  the  McMullen  spindle.  This  spindle  resembles  to  a  large 
degree  those  described. 


16.  liifter  Rods. — In  order  to  give  the  traversing^ 
motion  to  the  ring  rails,  they  are  supported  by  the  lifter 
rods  /,  Fig.  13.  These  rods,  of  which  there  are  a  number 
on  each  side  of  the  frame,  slide  in  suitable  bushings  in  the 
spindle  rail  /»  and  also  in  another  rail  /„  known  as  the  arch 
rail,  which  is  placed  below  the  spindle 
rail,  thus  giving  two  steadying  points 
to  the  lifter  rods.  The  bottoms  of  the 
lifter  rods  rest  in  steps  /,  that  are  sup- 
ported by  bowls  /,  carried  by  a  horizontal 
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arm  /..  The  arm  /,  is  given  an  up-and-down  motion  by  a 
mechanism  that  will  be  described  later,  and  acts  as  a  lever 
to  raise  and  lower  the  lifter  rods.  In  order  to  prevent  the 
accumulation  of  fly  and  dirt  on  the  lifting  rods,  which 
would  cause  them  to  bind,  a  casing  /«,  Fig.  13,  that  extendi 
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the  entire  distance  between  the  spindle  and  arch  rails  is 
provided  on  some  frames.  On  other  frames  there  is  pro- 
vided in  place  of  the  casing  a  device  shown  in  Fig.  14. 
It  consists  of  a  bent  piece  of  wire,  the  two  ends  being 
in  the  form  of  a  ring  and  covered  with  a  braided  cord. 
These  rings  fit  the  lifter  rod  closely  and  thus  prevent  any 
foreign  matter  from  passing  into  the  bushings  through  which 
the  rods  pass.  Sometimes  the  bushings  held  by  both  the 
spindle  and  arch  rails  are  made  in  two  vertical  sections  and 
are  held  in  position  by  a  screw,  as  shown  in  Fig.  15.  With 
bushings  made  in  this  manner,  it  is  possible  to  remove  and 
clean  them,  while  the  frame  is  running. 

17.  Seimrators. — The  traveler  revolves  around  the 
ring  at  a  very  high  speed  (several  thousand  revolutions  per 
minute),  and  as  the  yarn  is  held  within  a  limited  space  by 
the  thread  guide  at  the  top  and  by  the  traveler  at  the 
bottom,  the  loose  yarn  between  these  two  points,  rotating  at 
so  high  a  speed,  tends  to  bulge  out  in  the  center  on  account 
of  the  centrifugal  force  generated,  causing  what  is  termed 
ballooning.  This  ballooning  would  result  in  the  yarn  from 
one  spindle  striking  against  the  yarn  from  the  next  spindle, 
causing  entanglement  and  breakage  of  ends,  unless  the  gauge 
of  the  frames  should  be  so  large  as  to  remove  the  possibility 
of  the  ends  of  yarn  touching  one  another  or  some  other  means 
should  be  adopted  to  regulate  the  size  of  the  balloon.  To 
have  a  large  space  between  the  spindles  causes  an  unnecessary 
expense  in  building  so  long  a  frame,  as  well  as  a  waste  of  floor 
space;  consequently,  what  is  known  as  the  separator  is  some- 
times adopted  and  the  space  between  spindles  kept  small. 

There  are  various  kinds  of  separators,  but  the  one  in  use 
on  the  frame,  shown  in  Fig.  13,  is  known  as  the  Whiiin 
automatic  separator.  It  consists  of  perforated  plates  w,  one 
between  each  two  spindles,  mounted  on  a  rod  tn^  in  such  a 
manner  that  they  stand  midway  between  the  spindles. 
These  plates  are  smooth,  to  avoid  unnecessary  friction  on 
the  ends  that  come  in  contact  with  them,  and  their  effect  is 
to  keep  the  ballooning  within  certain  limits  by  checking  the 
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tendency  to  fly  outwards  generated  in  the  yam  by  the 
revolutions  of  the  spindle.  The  central  point  of  the  balloon 
formed  by  the  yarn  varies  as  the  rail  moves  up  or  down. 
For  example,  suppose  that  when  the  rail  is  at  the  bottom  of 
its  traverse  the  distance  from  the  traveler  to  the  thread 
guide  is  about  lOi  inches;  then  the  balloon  formed  by  the 
yam  will  have  its  largest  diameter  at  a  point  about  6  inches 
from  the  thread  guide.  On  the  other  hand,  as  the  ring  rail 
moves  up,  the  largest  diameter  of  the  balloon  will  be  formed 
at  ^  higher  point;  consequently,  to  have  a  separator  opera- 
ting to  the  best  advantage  it  is  necessary  for  it  to  move  so 
as  always  to  present  the  center  of  the  plate  as  near  as  pos- 
sible to  the  point  where  the  largest  diameter  of  the  balloon 
is  found.  For  all  practical  purposes  it  is  generally  consid- 
ered sufficient  to  move  the  separator  at  the  same  speed  and 
in  the  same  direction  as  the  ring  rail.  This,  however,  is  not 
what  actually  takes  place,  for  the  reason  that  the  rod  w,, 
Fig.  13,  carrying  the  separator  plates  is  actuated  through  m^ 
by  separate  lifter  rods  w„  which  rest  on  levers  /„  and  since 
the  latter  levers  raise  and  lower  the  ring  rail,  the  separators 
are  raised  and  lowered  at  the  same  time,  although  not  to  an 
equal  extent,  as  the  rods  »/,  are  nearer  the  fulcrum  of  the 
levers  /,.  It  is  necessaty  at  certain  times — for  example, 
when  removing  the  full  bobbins — to  throw  the  separators 
back  so  as  not  to  interfere  with  the  process  of  doffing;  this  is 
generally  done  by  having  the  rod  ;;/r  connected  to  the  lifting 
rods  »i,  by  means  of  levers  that  hold  the  separators  firmly  in 
position  between  the  spindles  when  working,  but  allow  them 
to  be  thrown  back,  out  of  position,  behind  the  spindles  when 
not  working. 

Separators  are  an  evil,  but  sometimes  a  necessary  one. 
They  are  in  the  way  of  the  spinner;  they  catch  dirt  and 
waste  and  distribute  it  on  the  bobbin;  they  interfere  with 
the  proper  examination  of  the  bobbins  on  the  frame  to  see 
that  they  are  all  of  the  same  height  and  in  the  proper  place 
on  the  spindle;  and  they  are  an  obstruction  in  removing  the 
bobbins.  On  high-speeded  and  narrow-spaced  frames,  how- 
ever, they  are  necessary. 
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18*  Cylinder. — The  spindles  are  driven  by  bands  Ht^ 
Fig.  2,  that  pass  around  the  whorl  of  the  spindle  and  also 
around  a  drum,  or  eyltnaer  n,  Fig*  2,  The  cylinder  of  a 
ring  frame  is  usually  between  6  and  8  inches  in  diameter, 
while  the  length  varies  according  to  the  length  of  the  frame; 
it  is  composed  of  very  heavy  tin  and  is  made  in  sections,  the 
end  portions  usually  being  constructed  of  cast  iron.  The 
cylinder  is  mounted  on  a  shaft  known  as  the  cylinder  shafi^ 
which  reKts  in  adjustable  bearings  and  is  sufficiently  long  to 
project  beyond  the  head,  or  driving  end,  of  the  frame  and 
carry  the  custotnary  tight  and  loose  pulleys. 


BUILDER  MOTIONS 


WHITIN  BUlIiDER  MOTION 


WARP    WIND 

19,  Spinning  frames  may  produce  either  a  warp-wind  nr 
a  filling-wind  bobbin;  a  section  through  a  warp  bobbin  is 
shown  in  Fig.  16  (a).  In  winding  the  yarn  on  such  a  bobbia 
it  is  wound  in  layers  that  extend  nearly  the  entire  length  of 


i^^ 


^3 


the  bobbin,  each  succeeding  layer  being  slightly  shorter  than 

the  preceding,  which  gives  to  the  full  bobbin  a  taper  at  both 
ends.  Thus,  referring  to  Fig.  16  {b),  which  shows  a  section 
through  a  full  bobbin  having  a  warp  wind,  the  first  layer 
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extends  nearly  the  entire  len^^th  of  the  bobbin,  or  from  A, 
to  A,.  The  next  layer  is  slightly  shorter  than  this  first  layer, 
and  each  succeeding  layer  is  slightly  shorter  than  the 
preceding,  until  the  last  layer  is  placed  on  the  bobbin,  which 
extends  from  A>  to  ^«.  Thus,  in  a  warp-wind  bobbin  theie 
two  points  must  be  considered:  The  yam  must  be  traversed 
from  one  end  of  the  bobbin  to  the  other,  while  with  each 
succeeding  layer  the  length  of  the  traverse  must  be  slightly 
shortened.  The  mechanism  adopted  to  produce  these  results 
is  known  as  the  boilder  motion,  and  is  illustrated  in 
Figs.  17  and  18,  which  show  a  Wbitin  builder  mottati* 


20.  Reierrsg  to  F:g-  17,  tbe  arm  fi  tiact  i»  yiy^A^^  o& 
a  stud  at  tbe  jiccK  /,  cacritt  ai  csbrrr-Vc/wj  /,  tia.t  i%  oj^er^ii^ 
by  the  casn  ^.  TSsi*  srs:  f.*  fret  v>  ry:;Tt  cc  tbt  t-t^c  t'^  '»xa:r: 
it  i$  pCTOted  aa:  v-::;:^^^'^*  ^^  «rreraJ  ;.*rt*.  Tie  ^^-ar-r  r, 
windi  is  ownT»c:gc  x::  ^it  jccLt  /i.  ;/&trMri  r>  vrer  «  'in^^JKj  r 

that  T3»  traErrgrbtCT  si'r'vvt  riiit  zzistzj^  siirf  21  t.-rjJt^/^-«  -,7 

/ks  ant  r;  :3ac  it  i.'.*.-    v'-c:t**rtr.*?c   •-'-  -it  rv:   r,  *:;irri*n   i 
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As  was  explained,  the  lifter  rods  /  support  the  ring  rail, 
which  carries  the  rings  on  which  are  mounted  the  travelers 
that  guide  the  yam  to  the  bobbins;  consequently,  if  the  lifter 
rods  are  raised  and  lowered,  the  ring  rail  will  move  with 
them  and  give  a  traverse  to  the  yarn  on  the  bobbins. 

Dealing  first  with  the  traverse  motion  and  ignoring  the 
shortening  of  the  traverse,  as  the  cam  ^,  Figs.  17  and  18, 
revolves  and  acts  on  the  cam-bowl  /„  it  will  force  the  arm  p 
down,  taking  with  it  the  chain  r,  which,  by  acting  on  the 
quadrant  r„  will  swing  the  arm  r,  to  the  left,  turn  the  rod  r^ 
and  lift  the  weight  r,.  Lifting  the  weight  r,  allows  the  lifter 
rod  to  drop,  owing  to  its  own  weight  and  that  of  the  ring 
rail  that  rests  on  it.  During  this  action  the  rings,  together 
with  the  travelers,  are  moving  from  the  top  to  the  bottom  of 
the  bobbin,  giving  the  desired  traverse  in  this  direction.  As 
the  cam  ^,  Fig.  17,  continues  to  revolve,  the  point  at  which 
it  comes  in  contact  with  the  cam-bowl  will  commence  to 
move  nearer  the  center  of  the  cam,  thus  allowing  the  arm  p 
to  rise  through  the  action  of  the  weight  r,  on  the  arm  r,. 
This  weight  is  made  sufficiently  heavy  to  overbalance  the 
weight  of  the  ring  rail  and  the  lifter  rod;  consequently,  as 
the  chain  is  slackened  by  the  action  of  the  cam,  the  weight 
forces  the  lifter  rods  together  with  the  ring  rail  up,  thus 
causing  the  rings,  together  with  the  travelers,  to  move  from 
the  bottom  to  the  top  of  the  bobbins  and  give  the  necessary 
traverse  in  this  direction.  It  is  in  this  manner  that  the  trav- 
erse of  the  yam  on  the  bobbin  is  obtained. 

21.  Dealing  next  with  the  method  of  shortening  the 
traverse  with  each  succeeding  layer.  Fig.  17  shows  that  the 
chain  r  instead  of  being  passed  directly  to  the  arm  p  is  con- 
necte'd  to  a  rack  p^  that  is  supported  in  grooves  cast  in  the 
arm/.  On  the  lower  side  of  this  rack  are  teeth  working  in 
the  worm  ^„  which  is  on  the  shafts  supported  by  the  arm/. 
On  the  end  of  this  shaft  is  a  ratchet  gear  A»  shown  more 
clearly  in  Fig.  18.  Working  in  the  teeth  of  this  ratchet  gear 
is  a  pawl/,  mounted  on  an  arm  /,«  that  is  supported  by  the 
shaft  /„  Fig.  17,  and  has  connected  to  its  other  end  a  threaded 
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rod  pxxy  Fig.  18,  carrying  two  pairs  of  setnuts  ^,„  A»-  The 
rod  pxx  passes  through  a  hole  in  the  casting  px^  secured  to 
the  rail  /,.  Another  part  that  is  supported  by  the  arm  p 
is  /i„  Fig.  17,  which  simply  serves  to  regulate  the  distance 
to  which  the  rack  p^  may  be  moved  to  the  left,  and  may  be 
placed  in  any  desired  position  after  loosening  the  setscrew/i.. 

The  action  of  this  mechanism  is  as  follows:  When  the 
first  layer  is  being  placed  on  the  bobbin,  the  rack /«  is  as  far 
to  the  left  as  px%  will  allow  it  to  be  moved.  In  this  position 
the  chain  r  is  as  far  from  the  fulcrum  of  the  arm  p  as  it  can 
go,  and  consequently  the  ring  rail  will  be  receiving  its 
greatest  traverse.  With  each  downward  motion  of  the 
arm/,  caused  by  the  action  of  the  cam  q  on  the  cam-bowl/,, 
the  rod  p^x.  Fig.  18,  in  being  moved  down  with  the  arm 
will  bring  the  setnuts  /,.  against  the  casting  /m,  which  will 
prevent  the  rod/u  from  moving  any  farther  in  this  direction. 
As  the  arm  p  has  not  completed  its  downward  motion  at  this 
point,  it  will  necessarily  cause  the  pawl  A  to  turn  the  ratchet 
gear  p^  a  certain  number  of  teeth,  this  number  depending 
on  the  position  of  the  setnuts  px%  on  the  rod  /»».  As  the 
ratchet  gear  p^  is  turned,  it  gives  motion  to  the  shaft  /,, 
Fig.  17,  that  carries  the  worm  /,.  This  worm,  engaging 
with  the  teeth  on  the  rack  /*,  will  cause  it  to  move  to  the 
right,  thus  bringing  the  point  at  which  the  chain  r  is  fastened 
nearer  the  fulcrum  of  the  arm  p  and  consequently  shortening^ 
the  traverse  that  the  arm  gives  to  the  ring  rail. 

During  the  next  motion  of  the  ring  rail,  that  is,  when  the 
weight  r„  Fig.  18,  is  forcing  the  lifter  rod  /  up  and  bringing 
the  quadrant  r,  to  its  former  position,  the  arm/  in  rising  will 
bring  with  it  the  threaded  rod/n.  During  this  motion  the 
other  pair  of  setnuts  /»,  will  come  in  contact  with  the  cast- 
ing /m,  and  the  pawl  /.  will  be  moved  back  to  the  right, 
when  it  is  again  in  its  correct  position  to  engage  with  the 
teeth  of  the  ratchet  gear  at  the  next  downward  motion  of  the 
arm  p.  The  pawl  /.  is  simply  a  stop-pawl  that  serves  to  hold 
the  ratchet  gear  in  its  position  as  the  pawl  /.  is  moved  to  the 
right.  The  number  of  teeth  on  the  ratchet  gear  that  are 
taken    up   with   each   downward   motion   of   the   arm  p  is 
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regulated  by  the  distance  between  the  setnuts  pit^pi^y  which 
is  regulated  to  accommodate  any  counts  of  yarn.  The 
ratchet  gear  may  also  be  changed  in  case  it  is  desired  to 
make  any  very  great  alterations. 


FIIiLlN»    WIND 

22*  A  section  through  a  filling  bobbin  ia  shown  in 
Fig.  19  (a).  When  winding  the  yarn  on  such  a  bobbin  each 
layer  instead  of  extending  from  one  end  of  the  bobbin  to  the 
other  extends  only  a  short  distance,  while  each  succeeding 
layer  is  moved  slightly  higher  on  the  bobbin.  Thus,  refer- 
ring to  Fig.  19  (b)y  which  shows  a  section  through  a  bobbin 
filled  with  yam,  the  first  layer  extends  from  h^  to  A„  the  next 
layer  has  exactly  the  same  length  of  traverse  but  starts 
slightly  higher  on  the  bobbin  than  the  point  hx.  Each  suc- 
ceeding layer  moves  correspondingly  higher  on  the  bobbin 


until  the  last  layer  is  wound  on,  which  extends  from  h»  to  h^. 
In  a  filling-wind  motion,  consequently,  these  two  points  must 
be  taken  into  consideration:  the  traverse  must  be  consider- 
ably shorter  than  that  found  on  the  warp-wind;  while,  although 
the  length  of  the  traverse  is  not  changed  with  each  succeed- 
ing layer,  the  position  of  the  layer  on  the  bobbin  must  be 
slightly  higher  than  that  of  the  preceding  layer. 

The  distance  from  h^  to  h^  is  spoken  of  as  the  traverse^  or 
chcLse:  the  part  h^  as  the  shoulder;  and  the  part  h^,  as  the  nose. 
Owing  to  the  manner  in  which  the  yarn  is  wound  on  such  a 
bobbin,  and  also  the  fact  that  these  bobbins  are  usually 
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unwound  during  weaving,  the  yam  being  pulled  from  the 
nose  of  the  bobbin,  it  is  necessary  in  some  mahner  to  bind 
each  coil  so  that  the  yarn  will  not  pull  off  in  a  bunch,  which 
is  known  as  slubbing  off  at  the  nose.  The  manner  in  which 
this  is  accomplished  on  spinning  frames  is  to  have  the  coils 
of  one  layer  close  to  one  another  while  the  coils  of  the 
next  layer  are  widely  separated.  Suppose,  for  example,  that 
the  ring  rail  when  moving  down  travels  slowly;  then  the 
coils  from  the  top  of  the  traverse  to  the  bottom  will  lie  close 
together,  while  if  the  rail  in  moving  up  has  a  quick  motion, 
the  coils  will  be  open  and  will  tend  to  hold  the  yam  pre- 
viously wound.  This  system  is  known  as  binding  from  the 
shoulder  to  the  nose,  since  the  binding  coil  traverses  from 
the  largest  to  the  smallest  diameter.  If,  however,  the  ring: 
rail  should  have  its  slow  motion  when  moving  up  and  its 
quick  motion  when  moving  down,  this  would  be  binding  from 
the  7iose  to  the  shoulder.  Both  of  these  methods  are  adopted 
on  ring  frames,  and  makers  of  each  claim  advantages. 


COMBINATION    BUILDERS 

23.  Builder  motions  may  be  made  for  a  warp  wind  alone, 
for  a  filling  wind  alone,  or  may  be  made  so  that  with  only 
slight  changes  either  wind  may  be  produced;  in  the  latter 
case  the  motion  is  known  as  a  combination  builder.  The 
builder  motion  that  is  suitable  for  a  warp  wind  only  is  prac- 
tically the  same  as  a  combination  builder  with  the  parts  used 
for  filling  wind  omitted,  while  a  builder  motion  that  is  suit- 
able for  a  filling  wind  only  is  practically  the  same  as  a  com- 
bination builder  with  the  mechanisms  for  producing  a  warp 
wind  omitted.  The  builder  shown  in  Figs.  17  and  18  is  a 
combination  builder,  and  when  changing  from  a  warp  wind 
to  a  filling  wind,  only  slight  alterations  are  necessary.  These 
are  as  follows:  (1)  The  cam  g.  Fig.  17,  which  is  known  as  a 
warp-wind  cam,  is  replaced  by  a  filling-wind  cam  g^.  Fig.  20; 
(2)  the  chain  r,  which  was  previously  connected  to  the 
rack  /*,  is  now  connected  to  the  arm  ^„  which,  when  pro- 
ducing a  warp  wind,   has  no  function  to  perform,  but  is 
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simply  supported  by  the  arm  p  by  means  of  the  overhangfing: 
projection  g».  This  arm  when  connected  with  the  chain  is 
raised  until  it  comes  in  contact  with  the  stud  g^  on  the 
rack  ^4.  When  this  change  is  made,  it  is  necessary  to  shorten 
the  chain  r  somewhat;  this  is  accomplished  by  means  of  the 
nuts  r,,  Fig.  18,  which  connect  the  chain  to  the  quadrant  r,. 
Owing  to  the  shape  of  the  cam  gx,  Fig.  20,  the  extent  of  the 
traverse  of  the  ring  rail  is  considerably  shortened;  also,  the 
arm  p  is  given  a  slow  motion  as  it  moves  downwards,  while 
its  motion  upwards  will  be  slightly  accelerated.  Thus,  with 
this  builder  motion  the  binding  of  the  yam  will  take  place 


Pig.  20 

when  the  rail  is  moving  up,  or,  in  other  words,  from  the 
shoulder  to  the  nose  of  the  bobbin. 

The  traversing  of  the  yam  on  the  bobbin  with  a  filling 
wind  is  similar  to  that  of  a  warp  wind;  that  is,  the  revolving 
of  the  cam  alternately  forces  the  arm  p  down  and  allows  it 
to  be  raised  by  means  of  the  weights.  The  change  in 
position  of  each  coil  of  yam  on  the  bobbin,  however,  is 
obtained  in  a  somewhat  different  manner  than  the  varying 
distance  of  the  traverse  in  a  warp  wind  and  will  need  some 
description.  Referring  to  Figs.  17,  18,  and  20,  the  action  of 
the  pawl  on  the  ratchet  gear  A»  Fifif-  18»  is  exactly  the  same 
in  the  filling  wind  as  in  the  warp  wind;  consequently,  with 
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each  downward  motion  of  the  arm  p  the  ratchet  gear  p,  will 
be  turned  a  certain  number  of  teeth,  which,  by  turning:  the 
worm  /„  will  force  the  rack  p^  to  the  right.  As  the  arm  ^„ 
Fig.  20,  to  which  the  chain  is  connected,  is  in  contact  with 
the  stud  q^  carried  by  the  rack  p^,  the  point  of  contact 
between  the  stud  and  the  arm  q^  will  be  moved  to  the  right 
together  with  the  rack  p^.  The  face  of  the  arm  q^  on  which 
the  stud  works,  also  the  groove  in  which  the  rack  p^  slides, 
is  so  shaped  that  as  the  stud  is  moved  to  the  right,  the 
arm  q^  is  allowed  to  assume  a  somewhat  higher  position; 
consequently,  the  ring  rail  also  assumes  a  higher  position, 
due  to  the  weight  r.,  Fig.  18,  forcing  the  lifter  rod  /  upwards 
as  the  chain  is  slackened.  Thus,  although  the  length  of  the 
traverse  is  not  altered,  since  the  position  at  which  the  chain 
is  connected  to  the  arm  ^„  Fig.  20,  bears  the  same  relation  to 
the  fulcrum  /,  of  this  arm  during  the  entire  building  of  the 
bobbin,  each  succeeding  layer  of  yam  will  be  somewhat 
higher  on  the  bobbin,  owing  to  the  point  at  which  the  chain  r 
is  connected  to  the  arm  q^  being  raised  at  each  succeeding 
downward  motion  of  the  ring  rail.  With  both  the  filling- 
and  warp-wind  motions,  the  rack  p^  has  to  be  moved  to  the 
left  after  the  bobbins  have  been  filled,  in  order  to  obtain  the 
correct  position  for  starting  a  new  set  of  bobbins.  This  is 
accomplished  by  fitting  a  handle  to  the  ratchet  gear/,.  Fig.  18, 
and  turning  the  ratchet  until  the  worm/,.  Figs.  17  and  18, has 
moved  the  rack  p^  to  its  correct  position,  when  the  different 
parts  will  be  in  position  to  place  the  first  layer  of  yam  on  the 
bobbins. 

HOWARD  AND  BUI.I.OUGH  BUII^DER  MOTION 


WARP    WIND 

24*     The  Howard  and  Bullou^^h  builder  motion  is 

illustrated  in  Fij^s.  21,  22,  and  23.  This  motion  is  also  a 
combination  huilder  and  may  be  readily  changed  from  warp 
to  fiilinj^  wind  or  vice  versa;  the  cam  q  acts  on  the  cam-bowl  p^ 
in  the  case  of  winding  warp  bobbins,  while  for  filling^  bobbins 
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the  cam  q^  is  in  contact  with  ^,.  The  cam-bowl  p%  is  sup- 
ported by  an  arm  p  that  is  supported  by  the  stud  px  and 
has  a  bearing  point  on  the  screw  Sx.      The  casting  s  that 


swings  on  the  shaft  s^  carries  the  stud  /»;  consequently,  the 
horizontal  arm  of  the  ca*sting  s,  together  with  the  arm  />,  acts 
as  one  lever  to  throw  the  upper  part  of  s  to  the  left  as  the 
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cam  forces  the  arm  p  down.  The  object  of  connecting:  these 
parts  in  this  manner  is  to  give  an  adjusting  point  to  the 
casting  ^,  the  screw  Sx  governing  the  exact  position  that  the 
diflEerent  parts  assume.  Supported  by  the  shaft  /  is  a  ratchet 
gear  /»,  shown  in  Figs.  21  and  22,  while  at  its  other  end  this 
shaft  carries  a  bevel  gear  /,  gearing  into  another  bevel 
gear  /,  on  a  screw  /*  that  is  supported  by  the  casting  s. 
Working  on  the  screw  /«  and  having  a  bearing  against  the 
upright  arm  of  the  casting  ^  is  a  block  /,  that  has  attached  to 
it  the  chain  r,  which  is  connected  to  the  rod  r„  Fig.  23. 
This  rod  is  connected  to  the  upright  arm  r,  fastened  to  the 
shaft  r*.  which  runs  transversely  across  the  machine  and 
carries  an  arm  /,  that  supports  the  lifting  rod  /..  The  shaft  r. 
also  carries  an  arm  supporting  weights  similar  to  the  weights 
on  the  builder  motion  previously  described.  Connected  to 
the  casting  u.  Fig.  21,  is  a  chain  u^  that  passes  around  the 
pulleys  //„  u^  and  is  attached  to  a  pulley  u^.  Fig.  22,  that  is 
on  a  sleeve  with  the  disk  w,  that  supports  the  pawl  ^.. 

25.  The  action  of  this  motion  for  warp  wind  is  as  follows, 
considering  first  the  traversing  of  the  ring  rail  without  any 
reference  to  the  shortening  of  the  traverse.  As  the  cam  g 
revolves,  during  a  part  of  its  revolution  it  lowers  the  arm  p 
by  pressing  down  on  the  cam-bowl  /.,  although  this  is  not 
shown  in  Fig.  21,  as  the  cam-bowl  is  in  contact  with  the  fill- 
ing cam  ^,.  The  lowering  of  the  arm  p  swings  the  entire 
upper  part  of  the  casting  s,  together  with  its  several  parts, 
to  the  left,  which,  bringing  with  it  the  chain  r,  swings  the 
upright  arm  r„  Fig.  23,  to  the  left,  raising  the  arm  /.  and 
thus  lifting  the  lifting  rod.  During  the  rest  of  the  revolu- 
tion of  the  cam  the  bowl  is  working  from  the  toe  to  the  heel; 
consequently,  weights  that  are  attached  to  the  shafts  r,,^, 
swing  the  upper  part  of  the  bracket  s  to  the  right,  slacken- 
ing the  chain  r  and  allowing  the  ring  rail  together  with  the 
lifting  rods  to  drop  by  their  own  weight. 

Considering  next  the  method  adopted  to  shorten  the 
traverse  of  each  succeeding  layer  of  yarn  placed  on  the 
bobbin;  when  the  mechanism   is   producing    a   warp  wind. 
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the  chain  r,  which  is  attached  to  the  block  /,  is  in  the 
position  shown  by  the  dotted  lines  in  Fig.  21.  When  the 
ring  rail  is  receiving  its  greatest  lift,  this  chain  should  be 
exactly  horizontal.  With  each  downward  motion  of  the  arm/, 
the  pulley  w„  which  is  attached  to  this  arm,  forces  the  chain  «, 
down,  causing  the  pulley  w«,  Fig.  22,  to  make  a  partial 
revolution.  The  pulley  w«  is  on  a  sleeve  «„  together  with 
the  disk  plate  «,  to  which  the  pawl  p.  is  attached;  con- 
sequently, as  this  pulley  revolves  it  causes  the  pawl  p^  to 
engage  with  the  teeth  of  the  ratchet  gear  and  turn  this  gear 
a  certain  number  of  teeth.  This  action  being  communicated 
to  the  shaft  /  causes  the  bevel  gear  /,  to  turn  the  bevel  gear  /, 
together  with  the  screw  /*.  With  each  motion  of  the  screw  /«, 
the  block  /.  is  moved  downwards,  causing  the  chain  r  to 
assume  a  slightly  lower  position,  which  results  in  the  ring 
rail  receiving  a  shorter  traverse. 

The  stand  /^  carries  a  sleeve  that  projects  through  the 
collar  w,  and  forms  a  bearing  for  the  shaft  /.  In  the  end  of 
the  sleeve  nearest  the  plate  /,  are  two  lugs,  one  of  which 
is  shown  at  /,„  that  project  into  cut-outs  in  /,  and  thus  serve 
to  hold  the  plate  securely  in  position.  Some  such  arrange- 
ment as  this  is  necessary,  since  the  plate  is  loose  on  the 
shaft  /  and  it  is  not  desired  that  this  plate  should  revolve 
with  the  shaft.  A  spiral  spring,  one  end  of  which  is 
attached  to  the  stud  /„  on  the  plate  /,,  while  the  other  end 
is  attached  to  the  stud  w,  on  the  disk  w„  serves  to  bring  the 
pawl  pn  back  into  position  as  the  arm  p  is  raised.  The 
pawl  p%.  Fig.  21,  is  supported  by  a  casting  that  carries  a 
flange  fitting  into  the  recess  /.  of  the  plate  /,,  Fig.  22,  and 
may  be  moved  to  any  desired  position  on  this  plate  by 
means  of  loosening  the  setscrew  ^,o,  Fig.  21.  This  pawl,  in 
addition  to  acting  as  a  stop-pawl  for  the  ratchet  gear  /», 
regulates  the  number  of  teeth  that  the  pawl  pm  takes  up  on 
the  ratchet  gear  with  each  downward  motion  of  the  lever  p^ 
since  the  pawl  A.  when  it  is  brought  back  by  the  spiral 
spring  as  the  lever/  rises,  comes  in  contact  with  the  pawl/,, 
which  prevents  its  moving  any  farther  in  this  direction;  if  the 
pawl  p%  is  placed  in  such  a  position  that  the  pawl  /,  comes 
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in  contact  with  it  before  the  lever  p  has  assumed  its  highest 
position,  the  pawl  p.  will  take  up  less  teeth  on  the  ratchet 
gear  /». 

The  ratchet  gear  /,  is  key-seated  to  the  shaft  /  in  such  a 
manner  that  it  may  be  slid  along  the  shaft  but  must  revolve 
with  the  shaft.  It  is  kept  in  position  by  means  of  the 
spring  /,  pressing  the  hub  of  the  flange  /lo  against  the  pin  /,. 
When  the  bobbins  have  been  filled  and  it  is  desired  to  turn 
the  shaft  /  in  order  to  bring  the  block  /.  back  into  its  correct 
position  for  starting  a  new  set  of  bobbins,  this  may  be  done 
by  pushing  the  ratchet  gear  /»  and  flange  /,o,  Fig.  22,  to  the 
right  until  the  pawls  ^.,  A  are  forced  to  the  outer  edge  of  /,o, 
which  is  fast  to  the  gear  /,,  thus  bringing  them  out  of  con- 
tact with  the  ratchet  gear  /».  When  in  this  position  a  handle 
that  is  inserted  in  the  flange  /,»  is  used  to  revolve  the 
ratchet,  together  with  the  shaft  /,  until  the  block  /,  is  brought 
into  its  desired  position.  The  pawls  A»  A  are  kept  in  con- 
tact with  the  ratchet  /,  by  means  of  springs,  the  one  for  A 
being  shown  in  Fig.  21,  and  when  the  ratchet  gear  i^ 
is  moved  in,  the  flange  /,o  readily  compresses  the  springs  in 
the  pawls  sufficiently  to  allow  the  pawls  to  rest  on  the  outer 
rim  of  the  flange.  

FILLING    WIND 

26.  When  changing  to  a  filling  wind  with  this  motion, 
the  cam-bowl  is  moved  to  one  side  until  it  is  in  contact  with 
the  cam  ^,.  The  chain  r,  instead  of  passing  horizontally  to 
the  rod  r„  Fig.  23,  is  passed  over  the  pulley  r„  as  shown 
by  the  full  lines  in  Fig.  21.  By  this  means,  as  the  block  /. 
is  brought  down  by  the  revolving  of  the  screw  Z*,  the  chain 
will  force  the  ring  rail  to  a  higher  position  as  each  coil  is 
placed  on  the  bobbin,  although  the  length  of  the  traverse 
will  not  be  altered.  In  changing  the  chain  from  the  position 
it  assumes  with  the  warp-wind  motion  to  the  one  that  it 
assumes  in  a  filling  wind,  it  may  be  necessary  to  alter  its 
length.  This  may  be  done  by  loosening  the  nut  r,.  Fig.  23, 
and  turning  the  rod  r.  until  the  correct  length  is  obtained, 
when  the  setnut  may  be  tightened. 
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In  all  makes  of  rinsf  frames  there  are  along  the  length  of 
the  frame  several  lifter  rods.    These  rods  are  arranged  in 

TABLE   II 


Gauge 

Nnmber 
of 

3i 

3* 

3 

2i 

»* 

t* 

Spindles 

Length  of  Frame 

19 

In. 

Pt. 

In. 

Pt. 

In. 

Pt. 

In. 

Ft. 

In. 

FL 

lo. 

120 

6 

18 

3 

17 

132 

21 

3 

«9 

loi 

18 

6 

144 

23 

21 

6 

20 

156 

24 

9 

23 

li 

21 

6 

168 

26 

6 

24 

9 

23 

180 

28 

3 

26 

4I 

24 

6 

IQ2 

30 

.  28 

26 

204 

31 

9 

29 

7i 

27 

6 

216 

33 

6 

3' 

3 

29 

228 

35 

3 

32 

loi 

30 

6 

112 

14 

10 

14 

3 

13 

8 

128 

16 

8 

16 

15 

4 

144 

18 

6 

17 

9 

1? 

160 

20 

4 

19 

6 

18 

8 

176 

22 

2 

21 

3 

20 

4 

J92 

24 

23 

22 

208 

25 

10 

24 

9 

23 

S 

224 

27 

8 

26 

6 

25 

4 

240 

29 

6 

28 

3 

27 

2S6 

31 

4 

30 

28 

3 

272 

33 

2 

31 

9 

30 

4 

288 

35 

33 

6 

32 

304 

36 

10 

35 

3 

33 

8 

pairs,  one  rod  of  the  pair  on  each  side  of  the  frame,  and  each 
rod  is  operated  by  a  separate  arm  similar  to  the  arm  /,  shown 
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in  various  illustrations.  In  order  to  operate  all  the  lifter 
rods  throug:hout  the  length  of  the  frame,  there  are  a  number 
of  shafts  similar  to  r«  running  transversely  across  the  machine. 
Each  shaft  carries  an  upright  arm  similar  to  r,  while  the 
arms  are  connected  to  one  another  by  means  of  a  rod;  con- 
sequently, as  the  arm  nearest  the  builder  motion,  which  is 
the  one  directly  acted  on,  is  moved  back  and  forth  it  will  in 
turn  impart  the  same  motion  to  the  other  upright  arms. 


DIMENSIONS 

27.  The  term  gauge  used  in  connection  with  spinning 
frames  implies  the  distance  from  the  center  of  one  spindle  to 
the  center  of  the  next  spindle  in  the  same  row.  The  standard 
gauges  for  the  frames  described  are  3^,  3i,  3,  2i,  2f ,  and  2i 
inches. 

The  length  of  the  frames  varies  according  to  the  gauge 
and  the  number  of  spindles.  Frames  are  usually  built  with 
from  160  to  288  spindles,  although  they  may  be  built  with  a 
greater  or  less  number.  In  speaking  of  the  number  of  spin- 
dles of  a  ring  frame,  both  sides  are  included;  consequently, 
a  frame  of  288  spindles  would  have  144  spindles  on  a  side. 
The  width  of  the  frames  varies  somewhat;  the  two  stand- 
ard widths  for  the  frames  described  are  36  and  39  inches, 
respectively.  Table  II  gives  the  standard  length  of  these 
frames,  together  with  the  gauge  of  each. 


RING  FRAMES 

(PART  2) 


MANAGEMENT  OF  SPINNING  ROOMS 


CAIiClILATIONS   FOR  RING  FRAMES 


DRIVE 

1.  The  driving  of  a  spinning  frame  is  accomplished 
through  ordinary  tight  and  loose  pulleys  that  are  mounted 
on  the  cylinder  shaft  w  shown  in  Fig.  1,  which  also  shows  the 
gearing  of  a  spinning  frame.  The  loose  pulley  is  usually 
made  slightly  smaller  in  diameter  than  the  tight  pulley,  in 
order  to  relieve  the  strain  on  the  belt  when  not  driving  the 
frame.  To  facilitate  shifting  the  belt  from  one  pulley  to 
the  other,  the  face  of  the  tight  pulley  is  beveled  on  the  side 
next  to  the  loose  pulley.  The  shaft  w  also  carries  the 
cylinder  n  that  drives  the  spindles  through  the  bands  n^. 
Situated  at  the  driving  end  of  the  machine  and  mounted  on 
the  shaft  w  is  the  gear  w^  of  42  teeth  driving  the  gear  w^  that 
is  compounded  with  the  gear  w^\  this  gear  drives  the  gear  u\ 
compounded  with  the  gear  a'„  which  through  the  carrier  u\ 
drives  the  gear  u\  on  the  front  roll  shaft  z^..  Since  on  spin- 
ning frames  there  are  two  sets  of  drawing  rolls,  one  on  each 
side  of  the  machine,  it  is  necessary  to  introduce  gearing  .hat 
will  drive  the  front  roll  shaft  on  the  side  of  the  frame  opposite 
that  where  the  shaft  u\  is  located.  This  is  accomplished  by 
having  the  gear  w.y  in  addition  to  meshing  with  w^y  drive  the 
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gear  a/„  through  the  carrier  a/..  The  g^ear  zi/,.,  beings  on  the 
front  rpU  shaft  situated  on  this  side  of  the  machine,  imparts 
motion  to  the  second  set  of  rolls.  By  introducing  the  carrier  a/, 
the  direction  of  motion  of  the  gear  zt/.o  is  opposite  to  that  of 
the  gear  Wj;  this  is  necessary,  since  the  rolls  on  the  two  sides 
of  the  frame  must  revolve  in  opposite  directions  in  order  to 
deliver  the  stock  to  their  respective  sides.     Compounded  with 


jm  = 


Fio.a 


the  gear  w^  is  a  sprocket  gear  x  that  drives,  by  means  of  the 
chain  jTi,  the  sprocket  gear  x,.  Compounded  with  x,  is  a  bevel 
gear  jt,  meshing  with  the  bevel  gear  x^  on  a  short  shaft  x». 
This  shaft  carries  at  its  opposite  end  the  single  worm  x^ 
gearing  into  the  worm-gear  jr„  which  is  on  the  shaft  with  the 
cam  g  of  the  builder  motion. 

Referring  to  Fig.  2,  the  gear  a'„  also  shown  in  Fig.  1,  that 
is  on  the  front  roll  shaft  zv.,  imparts  motion  to  the  front 
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roll  d^,  A  small  gear  of  30  teeth  on  the  shaft  w.  drives, 
through  suitable  gearing,  the  back  roll  d^  while  a  gear  of 
28  teeth  on  the  back  roll  shaft  drives,  through  a  carrier,  the 
gear  on  the  shaft  of  the  middle  roll  d^. 


SPEED    CALCULATIONS 

2.  As  rules  and  explanations  for  performing  speed  and 
draft  calculations  have  been  given  in  previous  Sections,  no 
rules  will  be  given  in  cases  where  such  subjects  are  here 
dealt  with,  but  examples  are  given  of  all  the  calculations 
met  with  in  connection  with  spinning  frames.  It  should 
be  noted  that  while  the  calculations  in  the  succeeding  exam- 
ples have  been  carried  to  three  decimal  places,  this  does  not 
signify  that  these  decimal  figures  are  absolutely  necessary. 
On  the  contrary,  they  might  have  been  omitted  without 
invalidating  the  accuracy  of.  the  answers,  as  the  available 
data  as  to  diameters  of  cylinder  and  whorls  arid  the  amount 
of  slippage  are  not  reliable.  They  have  been  retained  in 
order  to  preserve  a  certain  uniformity  in  the  answers. 

Example  1. — Find  the  speed  of  the  cylinder  «,  Fig.  1,  when  the 
driving  shaft  makes  400  revolutions  per  minute  and  carries  a  SO-inch 
pulley  that  drives  a  lOf-inch  pulley  on  the  cylinder  shaft  w. 

Solution. — 

—  ^ —  =  1,116-279  rev.  per  min.    Ans. 

Example  2. — If  the  cylinder  «,  Fig.  1,  makes  1,116.279  reyolutions 
per  minute,  find  the  speed  of  the  front  roll  shaft  w%. 

Solution. — 

1,116.279X42X22X45 


42  X  88  X  108 


116.279  rev.  per  min.    Ans. 


Example  3. — If  the  cylinder  »,  Fig.  1,  is  7  inches  in  diameter  and 
makes  1,116.279  revolutions  per  minute,  find  the  speed  of  the  spindles 
if  the  whorl  around  which  the  band  passes  is|-J  inch  in  actual  diameter. 

NoTK.— In  connection  with  RndinRr  the  speed  of  spindles  a  question  arites  aft  to 
where  the  diameter  of  the  whorl  should  be  taken.  It  is  customarily  taken  at  the  bot- 
tom of  the  srroove.  althouKfh  theoretically  the  diameter  should  be  considered  a  Uttle 
larsrer  than  this,  in  order  to  allow  for  the  thickness  of  the  spindle  band;  consequently. 
the  calculation  should  be  made  with  the  diameter  taken  at  the  center  of  the  band. 
about  y\»  inch  bcintr  added  to  the  diameter  of  the  whorl  in  order  to  make  allowance  for 
this,  this  dimension  being:  termed  the  working  diameter. 
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SoLxmoN. —    H  in.  +  A  in.  =  fl  in.,  working  diameter  of  whorl. 

1J16.279X7       o^iTi-o 

Y| =  9,617.1/2  rev.  per  mm. 

Note.— The  question  of  slippasrc  also  arises  in  connection  with  the  speed  of  the 
spindles.  This  is  a  variable  quantity,  dependinir  on  the  tension  of  the  bands,  the  oil- 
ing of  the  spindles,  the  number  of  the  yam  beinsr  spun,  the  weisrht  of  the  travelers,  and 
other  factors.  The  loss  from  the  calculated  speed  of  the  spindles,  due  to  slippairc, 
will  vary  from  5  to  10  per  cent.,  but  as  5  per  cent,  is  the  customary  allowance  it  will 
be  adopted  in  these  calculations.  Making  this  allowance,  example  8  would  bo  com- 
pleted as  follows: 

100  per  cent.  —  5  per  cent.  =  95  per  cent.,  or  .95. 
9,617.172  X  .95  =  9,136.313  rev.  per  min.    Ans. 

3,  To  find  the  speed  of  the  traveler  when  the  speed  of  the 
spindle,  the  speed  of  the  front  roll,  and  the  diameter  of  the 
bobbins  are  known: 

Rule. — Find  the  number  of  revolutions  per  minute  of  the  hob- 
bin  necessary  to  take  up  the  amount  of  yam  delivered  per  minute 
by  the  front  roll.  Subtract  this  fiumber  of  revolutions  per  minute 
of  the  bobbin  from  tfie  revolutions  per  minute  of  the  spindle. 

ExAMPLB. — If  the  spindles  make  9,136.313  revolutions  per  minute 
and  the  front  roll  delivers  365.302  inches  per  minute,  what  is  the  speed 
of  the  travelers  when  the  bobbins  are  |  inch  in  diameter? 

365  302 
Solution. —    -       '  ^^.^  =  132.890,   the  rev.  per  min.  of  bobbin* 

necessary  to  take  up  amount  delivered  by  front  roll. 

9,136.313  -  132.890  =  9,003.423  rev.  per  min.  of  traveler.    Ans. 


TWI8T    CALCULATIONS 

4«  To  make  an  absolutely  accurate  calculation  of  the 
twist,  i.  e.,  the  number  of  turns  per  inch  bein^  placed  in  the 
yarn,  it  would  be  necessary  to  find  the  actual  number  of  revr>- 
lutions  of  the  traveler  in  a  certain  period,  say  1  minute,  and 
the  actual  lens^,  in  inches,  of  yam  delivered  durin$^  that 
period.  The  turns  per  inch  would  then  Ix;  found  by  dividing: 
the  speed  of  the  traveler  by  the  len^^th  of  yam. 

There  are  certain  difficulties  that  prcf^ent  themselves  :n 
finding:  this  data.  For  instance,  if  the  circumference  of  the 
front  roll  is  multiplied  by  its  revolutions  per  minute,  it  jfives 
the  distance  traveled  in  1  minute  by  a  \)f}\ui  on  itn  f;irfnjrr,fer- 
ence,  which  corresponds  to  the  lenj^rh  of  untwint/;']  yHrr. 
delivered  from  the  front  roll;  h«r  thin  f\oi:%  not  Hf:f."r'»''*:\y 
represent  the  amount  of  yam  s;;iin,  for  an  the  twi^tt  i-t  iu%^:i**A 
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in  the  stock,  it  contracts  slightly,  and  the  actual  length  of  yam 
is  usually  assumed  to  be  about  5  per  cent,  less  than  the  delivery 
of  the  front  roll,  although  this  varies  according  to  the  number 
of  the  yam,  the  twist  per  inch  being  inserted,  and  other  con- 
ditions that  make  an  arbitrary  allowance  impossible.  It  is 
sufficient  to  say,  however,  that  if  the  calculations  were  made 
on  the  basis  of  the  length  of  roving  delivered  by  the  front  roll, 
assuming  this  to  be  the  length  of  the  yam,  the  result  would 
not  accurately  represent  the  turns  per  inch,  which  would  be 
greater  in  practice  than  the  calculations  would  show. 

Difficulties  also  arise  in  the  calculation  of  the  actual  speed 
of  the  traveler.  In  calculating  this  from  the  speed  of  the 
cylinder,  two  difficulties  that  are  met  with  have  already  been 
mentioned;  namely,  the  question  as  to  what  diameter  should 
be  taken  for  the  whorl,  also  the  amount  of  slippage  between 
the  cylinder  and  the  spindle  band,  and  between  the  spindle 
band  and  the  whorl.  Even  if  the  speed  of  the  spindle  were 
accurately  found,  another  difficulty  would  be  met  with  in 
making  the  proper  deduction  from  this  speed  to  obtain  the 
speed  of  the  traveler.  This  allowance  varies  in  case  of  a 
filling  wind  according  to  whether  it  is  taken  at  the  small  or 
the  large  diameter  at  each  end  of  the  traverse  or  at  an  inter- 
mediate point.  In  case  of  a  warp  wind,  as  the  bobbin  becomes 
larger  the  speed  of  the  traveler  is  gradually  being  increased, 
since  with  each  layer  wound  on  the  bobbin  a  smaller  difference 
in  speed  between  the  spindle  and  the  traveler  is  required  for 
winding  the  yam. 

Even  if  reasonably  accurate  data  could  be  ascertained,  so 
as  to  make  suitable  allowances  for  the  various  losses  men- 
tioned, local  or  temporary  conditions,  such  as  changes  in  the 
atmospheric  conditions,  in  the  humidity  of  the  room,  varia- 
tions in  the  stock,  or  unevenness  of  the  roving,  would  render 
the  conclusions  inaccurate;  it  is  therefore  customary  for 
practical  millmen  to  consider  that  the  increase  in  the  number 
of  turns  per  inch  above  the  calculated  number  produced  by 
contraction  of  the  stock  as  it  is  being  made  into  yam  about 
compensates  for  the  reduced  speed  of  the  traveler  as  com- 
pared with  that  of  the  spindle  and  the  other  losses  named. 
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For  all  practical  purposes,  it  is  considered  suflSciently  accurate 
to  divide  the  leng^th  of  stock  delivered  by  the  front  rolls  into 
the  calculated  speed  of  the  spindle,  making:  no  allowance  for 
slippage,  and  accept  the  result  as  representing  the  actual 
turns  per  inch  that  may  be  expected  to  be  obtained. 

The  following  calculations  are  made  on  this  basis.  To  find 
the  turns  of  twist  per  inch  being  placed  in  the  yarn: 

Rule  I. —  When  figuring  from  the  gears ^  consider  the  gear 
an  the  end  of  the  front  roll  as  a  driver.  Multiply  all  the  driving 
g€ars  and  the  diameter  of  the  cylinder  together  and  divide  by  the 
product  of  all  the  driven  gears,  the  working  diameter  of  the 
Tvhorl^  and  the  circumference  of  the  front  roll. 

ExAMPLB  1. — ^What  is  the  twist  per  inch  that  is  being  placed  in 
yam  spun  on  a  frame  geared  as  shown  in  Pig.  1  if  the  diameter  of  the 
front  roll  is  1  inch,  the  cylinder  7  inches,  and  the  working  diameter  of 
the  whorl  i|  inch? 
Solution.— 

108X88X42X7  oo  oo«   *  a 

45X22X42X«X  3.1416  X  1  =  ^'^^^  ^""^^  ^"^  ^°'    ^°^- 

Bale  II. — In  case  the  speed  of  the  spindles  and  the  number  of 
inches  of  yam  delivered  by  the  front  roll  are  known,  divide  the 
speed  of  the  spindles,  without  any  allowance  for  slippage,  by  the 
inches  delivered  per  minute  by  the  front  roll. 

ExAMPLB  2. — ^What  is  the  twist  per  inch  that  is  being  inserted  in 
yam  if  the  spindles  make  9,617.172  revolutions  per  minute  and  the 
front  roll  delivers  365.302  inches  per  minute? 

SoLxmoN.— '  9,617.172  h-  365.302  =  26.326,  turns  per  in.    Ans. 

5.    To  find  the  constant  for  twist  from  the  gears: 

Bale. — Consider  the  gear  on  the  efid  of  the  front  roll  as  a 
driver  and  tfu  twist  gear  as  a  l-tooth  gear.  Multiply  together 
all  tfu  driving  gears  and  the  diameter  of  the  cylinder  and  divide 
by  tfu  prodtut  of  all  tfie  driven  gears,  the  working  diameter  of 
ike  whorly  and  the  circumference  of  the  front  roll. 

ExAMPLB. — What  is  the  constant  for  twist  with  the  frame  geared  as 
shown  in  Fig.  1  if  the  diameter  of  the  front  roll  is  1  inch,  the  cylinder 
7  inches,  and  the  working  diameter  of  the  whorl  if  inch? 

Solution.— 

lX22'x^X»;x'3'^lIl6Xl  =  ^•l^*^^'  ^'"'^**''»-    ^'"- 
88—6 
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6.  To  find  the  twist  per  inch  when  the  constant  for  twist 
and  the  twist  gear  are  known: 

Rule. — Divide  the  constant  by  the  number  of  teeth  in  the 
twist  gear. 

Example. — What  is  the  twist  per  inch  that  is  being  inserted  in 
yarn  if  the  constant  for  twist  is  1,184.697  and  the  twist  gear  contains 
45  teeth? 

Solution.—    1,184.697  -=-  45  =  26.326,  turns  per  in.    Ans. 

7.  To  find  the  necessary  twist  gear  to  give  a  required 
number  of  turns  per  inch  when  the  constant  is  known: 

Rule. — Divide  the  constatit  by  the  twist  required. 

Example. — If  the  constant  for  a  train  of  gears  is  1,184.697,  what 
size  twist  gear  will  be  required  to  give  20  turns  per  inch  in  the  yarn? 
Solution. — 
1,184.697  -7-  20  =  59.2,  or  a  59-tooth  gear  (practically).    Ans. 

The  calculations  given  in  connection  with  twist  make  po 
allowance  for  any  slippage  that  may  occur,  or  for  any  loss 
caused  by  the  traveler  speed  being  slightly  less  than  the 
spindle  speed.  These  points  are  sometimes  taken  into  con- 
sideration, although  the  contraction  of  the  yarn,  due  to  the 
twist  inserted,  generally  compensates  for  any  loss  due  to 
these  causes. 

8.  In  determining  the  amount  of  twist  to  be  placed  in 
either  warp  or  filling  yarn  spun  on  a  ring  frame,  a  constant 
is  used  that  multiplied  by  the  square  root  of  the  counts  gives 
the  required  number  of  turns  per  inch.  For  ordinary  warp 
yarn  spun  on  ring  frames  the  constant  is  usually  4.75,  but  for 
filling  it  is  3.25.  These  figures,  however,  are  varied  accord- 
ing to  the  twist  required,  the  quality  of  the  yarn  to  be 
made,  or  the  kind  of  stock  being  used.  Long  stock  does 
not  require  so  much  twist  in  proportion  as  short  stock. 
Filling  yarn  from  carded  stock  requires,  as  a  rule,  from  li 
to  2y  turns  per  inch  more  twist  than  the  square  root  of  the 
counts  multiplied  by  3.25.  On  combed  stock  the  standard 
number  of  turns  is  sufficient,  since  combed  stock  does  not 
require  so  much  twist  for  the  same  numbers  as  cai:ded  stock. 
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Fine  filling  yarns  or  yarns  for  twisting  are  spun  with  less 
twist  than  3.25  times  the  square  root  of  the  counts. 

Example  1. — What  is  the  standard  twist  in  28s  warp  yam? 

Solution.—     V^  =  5.291.    5.291  X  4.75  =  25.132,  turns  per  in. 

Ans. 

Example  2.— What  is  the  standard  twist  in  36s  filling  yarn? 

Solution.—     V36  =  6.    6  X  3.25  =  19.5,  turns  per  in.    Ans. 


DRAFT    CALCULATIONS 

9,  Draft  calculations  are  of  importance  in  connection 
with  ring  spinning  frames,  as  the  draft,  together  with  the 
hank  of  the  roving,  governs  the  size  of  the  yarn  produced. 

Example  1.— Find  the  draft  for  rolls  geared  as  shown  in  Fig.  2. 

Solution.—    ^^^^J  =  10-^71,  draft.    Ans. 

Example  2. — Find  the  draft  constant  for  the  rolls  when  geared  as 

shown  in  Fig.  2. 

1  X  120  X  84 
Solution.—    -Qn\y  vctt-  "=  '^^»  constant  for  draft.    Ans. 
oU  X  1  X  bt 


PRODUCTION 

10,     To  find  the.  hanks  per  spindle  per  day: 

Rule. — Divide  the  product  of  the  circumference  of  the  front 
roll^  the  number  of  revolutions  per  minute  of  the  front  roll,  the 
minutes  per  hour,  and  the  hours  per  day  by  the  product  of  the 
number  of  inches  in  1  yard  and  the  number  of  yards  in  one  hank. 

Example.— How  many  hanks  per  spindle,  per  day  of  10  hours,  will 
be  produced  by  a  frame  with  a  front  roll  1  inch  in  diameter  that 
makes  116.279  revolutions  per  minute? 

Solution. — 

1  X  3.1416  X  116.279  X  60  X  10       ^  o.q    u     i  •   ^i  a 
=  7.248,  hanks  per  spmdle  per  day. 

Ans. 
When  figuring  the  production  of  ring  frames  from  the  speed 
of  the  front  roll  it  is  necessary  to  make  certain  allowances, 
since  the  frame  is  not  running  continually,  owing  to  the  stop- 
pages necessitated  by  cleaning,  oiling,  and  doffing.  These 
allowances  will  vary  with  the  yarn  spun,  since  coarse  yarn 
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requires  more  frequent  doflSng  than  fine  yam,  owing:  to  the 
bobbins  being  filled  more  rapidly.  The  following:  table  gives 
the  allowances  usually  made  for  the  difEerent  counts  of  yam: 

TABIiE  I 


Warp  Yarn 

Filling  Yam 

Numbers 

Allowance 
Per  Cent. 

Numbers 

Allowance 
Per  Cent. 

5S  to    los 

I  OS  to     20S 
20S  to     3OS 

30s  to    40S 
40S  to    5SS 
55s  to    85s 
85s  to  I  cos 

II 
10 

9 
8 

7 
4 
2 

5S  to  los 
los  to  15s 
15s  to  20S 
20s  to  30s 
30S  to  35s 
35s  to  45s 
45s  to  60s 

14 
12 

II 

ID 

8 

7 
6 

11.  To  find  the  total  production,  in  pounds,  of  several 
frames  when  the  number  of  hanks  produced  by  each  spindle 
is  known: 

Rule. — Find  the  production^  in  pounds ^  of  each  frame  by 
multiplying  the  number  of  spindles  in  the  frame  by  the  hanks 
produced  by  each  spindle  and  dividing  the  result  by  the  counts 
being  spun.     Add  the  results  obtained  for  each  frame. 

Example. — If  four  frames  of  160  spindles  produce,  respectively, 

37  hanks  per  spindle  of  36s,  33  hanks  per  spindle  of  60s,  28  hanks  per 

spindle  of  70s,  and  27  hanks  per  spindle  of  80s,  in  1  week,  what  is  the 

total  production  for  the  week? 

160  y  ^7 
Solution.—  ^       =  164.444  lb.  of  36s 


160X33 
50 

160X28 
70 

160X27 
80 
164.444  +  106.6  +  64  +  64  = 


105.6  lb.  of  50s 


=  64  lb.  of  70s 


«  64  lb.  of  80s 


i.044  lb.,  total  production  for  1  wk. 

Ana. 


§39  RING  FRAMES  11 

12.  To  find  the  averac^e  number  of  yam  being:  produced: 

Bole. — Multiply  the  number  of  pounds  produced  by  each 
frame  by  the  counts  of  yam  being  spun.  Add  the  results  thus 
obtained  and  divide  by  the  total  number  of  pounds. 

ExAMPi^.— What  is  the  average  namber  of  yam  being  s{mn  if 
four  frames  produce,  reflectively,  151.444  pounds  of  36s,  105.6  ponnds 
of  50s,  61  ponnds  of  TOs,  and  hi  ponnds  of  80s? 

SoLunox.—       1  6  4.4  4  4  X  36  »  5  9  1  9.9  8  4 

10  5.6  00X50  »  5  2  80.0  00 

64.000X70»  4480.000 

54.000X80»  4320.000 

3  8  8.0  4  4       1  9  9  9  9.9  8  4 

19,999.964  -s-  388.014  =  51.540s,  average  nnmber  of  yam.    Aas. 

KEW  FRAMES 

13.  Great  care  shonld  be  taken  in  selecting:  frames  for  dif- 
ferent purposes  or  in  making  ont  specifications  for  the  boild- 
iaz  of  frames.  All  parts  sbonld  be  properly  proportioned 
according  to  whether  they  are  to  spin  warp  or  filling;  fine, 
medimn,  or  coarse  yams;  and,  to  some  extent,  according  to 
the  purposes  for  whidi  the  yam  is  required. 

14.  Gmnse. — One  of  the  first  things  to  determine  is  the 
f^znz^  of  the  frame,  that  is,  the  distance  between  the  centers 
of  two  consecndve  sx>indles;  this  is  usually  fixed  at  2f  inches. 
except  where  the  size  of  the  ring  to  be  used  is  so  large  that 
a  larger  g^aug^e  must  be  selected.  The  diameter  of  the  rirg 
is  gnenerally  about  1  inch  less  than  the  gauge  of  the  frame. 
althon^  it  is  sometimes  within  «  inch  of  the  gauge  and  at 
other  times  considerably  less  than  the  gaug:e  of  the  ^^me. 
Thus,  a  2}-inch  gau^e  fran:e  vi^dcr  certain  conditions  rx/zld 
use  eidier  a  2-.  It-,  1{-.  It-,  li-inch.  or  a  smaller  rirg. 
usnaDr  a  size  sot  larger  this  a  If-iuch  cor  smaller  T>raT^  & 
ll-inch-  Fir.ing  frames  require  a  srraljer  ring  ti^:;  warp 
frames  for  the  ssizre  zi^zziiz^rrs.  btca^se  the  filliig  beirg 
weaker,  wii:  r^ot  starid  the  ex'^^irre  traveler  pzll  that  exists 
when  a  small  zp'^dbrji  :%  -risec  in  c  lirge  ring:  there  :§  <lvo  a 
limit  to  the  size  of  the  fllirg  zrS'Jxz.  :hkX  cam  be  ;>la',t:i  :z 
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TABLE  II 


Warp 

Num- 
ber 
of 

Filling 

Gauge  of 

Diameter 

Length  of 

Gauge  of 

Diameter 

Length  ^col 

Spindles 

of  Ring 

Traverse 

Yarn 

Spindles 

of  Ring 

Travern     ■: 

Inches 

Inches 

Inches 

Inches 

Inches 

Inches 

3i 

2i 

4 
9 

10 

if 

2i 

II 

3 

15 

6i 

7 

i6 

17 

2 

20 

li 

2  I 

7 

25 

IB 

26 
27 

1 

28 

i5 

30 

2? 

31 

6 

35 

36 

2l 

.1 

6 

37 
39 
40 

•1 

41 

1 

44 

.-I 

I  2 

„ . 

45 
50 

S» 

sh 

51 

ig 

60 

70 

li 

S 

5 

80 

§30 
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-    ^      shuttle  of  the  loom.      The  use  of  separators  enables 
-     ^^-er  rings  to  be  used  for  the  same  gauge  of  frame  than 
^.g^ld  otherwise  be  possible. 

^  £.    The  length  of  the  traverse  should  be  less  for  fine 

^3j-r3S  than  for  coarse  yarns;  5i  inches  is  about  the  average, 

7  jj-^  ^hes  being  about  the  maximum  traverse  and  4i  inches  the 

niir3-  imum.      Long  traverses  are  used  for  coarse  yarns,  and 

sho""^  traverses  for  fine  yarns.     The  speed  of  the  spindle  has 

^Q  lo^  higher  in  making  fine  yarns  than  in  the  case  of  coarse 

-^t"ins   and   higher   for  warp    yarns    than    for  filling    yarns, 

l^ecrause  the  additional  amount  of  twist  that  has  to  be  put 

in  tlie  fine  yarn  or  warp  yam  will  seriously  reduce  the  speed 

qI    the  front  roll,  and  consequently  the  production  of  the 

frame,  if  the  spindle  speed  is  not  high. 

Table  II  will  show  approximately  the  customary  gauge  of 
the  spindles,  the  diameter  of  the  rings,  and  the  length  of 
traverse  for  the  principal  numbers  of  warp  and  filling  yarns 
between  4s  and  80s. 

This  table  is  based  on  the  modern  tendency  to  use  large 
rings  and  a  long  traverse;  some  mills,  however,  are  using 
smaller  rings.  Large  bobbins  should  be  used  with  large 
rings,  especially  for  filling.  For  experimental  purposes,  80s 
yarn  has  been  spun  from  combed  sea-island  stock  with  a 
7-inch  traverse  and  2-inch  ring;  the  table,  however,  does 
not  include  such  purely  experimental  results  as  this,  but 
is  figured  on  a  commercial  basis. 


BOBBINS 

16.  The  selection  of  the  bobbins  is  another  important 
point.  The  diameter  of  the  barrel  should  be  great  enough 
to  prevent  undue  strain  (traveler  pull)  on  the  yarn  when 
winding  on  the  bare  bobbin,  yet  not  so  great  as  to  reduce  to 
an  unprofitable  quantity  the  yarn  that  can  be  wound  on  them, 
because  the  less  yarn  that  can  be  placed  on  the  bobbin,  the 
oftener  must  the  frame  be  doffed.  In  the  case  of  filling 
yam,   the  ordinary  loom  has  to  stop  oftener  to  have  the 
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bobbin  replaced  when  there  is  a  short  length  of  yam  on  the 
bobbin. 

The  bobbin  should  fit  the  top  of  the  spindle  closely,  but 
not  tightly,  and  should  fit  snugly  the  sleeve  bearing  for  a 
distance  of  about  i  inch.  Where  a  cup  is  used  it  should 
project  into  the  cup  about  i  inch.  The  following  table  gives 
suitable  sizes  of  bobbins  for  various  numbers  of  yam,  both 
warp  and  filling,  assuming  that  the  proper  size  of  ring  is 
used  as  given  in  Table  II.  A  larger  ring  than  that  shown  in 
the  table  for  any  specified  number  requires  a  larger  bobbin. 

TABIiE    III 


Diameter  of  Barrel 

Numbers  of  Yarn 

Warp 
Inch 

Filling 
Inch 

4S  to     1 6s 
1 6s  to    30s 
30S  to    40s 

40s  to   IOCS 

i 

i 
i 
i 

Warp  bobbins  are  usually  smooth  on  their  outside  surfaces, 
but  filling  bobbins  have  either  ridges  or  grooves  about  i  inch 
apart  to  prevent  the  yarn  from  slipping  off  the  bobbin  when 
being  picked  across  the  loom.  The  ridges  are  better  than 
the  grooves,  as  the  bobbin  is  stronger.  It  is  a  good  thing  to 
have  slight  grooves  or  ridges,  even  in  warp  bobbins,  to 
prevent  the  yarn  from  being  pulled  off  by  a  careless  spooler 
tender  or  negligent  spinner  and  also  to  give  the  yarn  a 
better  grip  on  the  bobbin  in  starting  a  new  set. 


TRAVELERS 

17.  A  point  that  should  be  noted  in  connection  with 
ballooning  is  that  the  centrifugal  force  tends  to  carry  the 
traveler  toward  the  outside  of  the  ring  when  the  spindle  is 
revolving  at  a  high  rate  of  speed.    This  tendency,  to  some 
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extent,  is  lessened  by  the  action  of  the  separator  blades, 
which  are  continually  reducing  the  centrifugal  force  of  the 
yam,  but  counteracts  the  pull  of  the  yarn  inside  the  ring 
somewhat  and  thus  reduces  the  friction  of  the  traveler,  since 
the  traveler  being  subjected  to  this  force  presses  more  lightly 
on  the  ring.  The  traveler,  also,  develops  centrifugal  force, 
which  tends  to  drive  it  against  the  inside  of  the  flange  of  the 
ring,  while  the  yarn  tends  to  pull  it  against  the  outside  of 
the  flange;  but  as  the  weight  of  the  traveler  is  very  small 
this  force  does  not  amount  to  much.  In  practice,  however, 
it  is  found  that  rings  become  worn  more  on  the  inside  than 
on  the  outside  and  that  spinning  fine  yams  wears  the  rings 
out  more  quickly  than  spinning  coarse  yams. 

Other  influences  on  the  action  of  the  traveler  are  the  weight 
of  the  yam  itself,  the  speed  of  the  spindle,  and  the  varying 
diameter  of  the  bobbin  as  it  gradually  increases  in  size. 
Coarser  yam  is  heavier  to  pull  around  and  develops  more 
centrifugal  force;  it  consequently  requires  heavier  travelers, 
which  it  will  stand  in  consequence  of  its  greater  strength. 
High-speeded  spindles  put  more  strain  on  the  yarn  and  wear 
on  the  traveler  in  dragging  the  latter  around  the  ring  more 
rapidly.  The  bobbin  when  filled  with  yam  eases  the  work 
of  the  traveler.  This  is  more  noticeable  in  the  filling-wind 
frame  than  in  the  warp- wind  frame,  since  the  diameter  of 
the  part  of  the  bobbin  where  the  yam  is  being  wound  varies 
constantly,  while  in  the  warp-wind  bobbin  the  variation  is  a 
gradual  one  extending  over  the  building  of  the  whole  bobbin. 

In  connection  with  the  ring  spinning  frame,  many  con- 
troversies have  arisen  regarding  the  theoretical  irregularity 
of  twist  caused  by  the  varying  speed  of  the  traveler,  accord- 
ing as  the  bobbin  is  small  or  large  on  a  warp-wind  or  is 
winding  on  the  small  or  large  diameter  on  a  filling-wind. 
For  all  practical  purposes  this  can  be  ignored,  as  it  only 
amounts  to  about  2  per  cent,  more  twist  on  a  warp-wind 
bobbin  nearly  full  than  when  the  same  bobbin  is  just  started. 
In  a  filling-wind  it  is  less  than  this,  as  the  twist  tends  to 
equalize  itself  on  account  of  the  10  or  more  inches  of  yarn 
between  the  rolls  and  traveler  into  which  the  twist  runs. 
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TABLE  IV 

Number  of 
Yarn 

Size  of 
Traveler  for 
ij-lnch  Ring 

Size  of 
Traveler  for 
li-Inch  Ring 

Size  of 
Traveler  for 
if -Inch  Ring 

6 

12 

II 

10 

8 

10 

9 

8 

10 

8 

7 

6 

12 

7 

6 

5 

M 

6 

5 

4 

i6 

5 

4 

3 

i8 

4 

3 

2 

20 

3 

2 

I 

22 

2 

I 

I-O 

24 

I 

I-O 

2-0 

26 

I-O 

2-0 

3-0 

28 

2-0 

3-0 

4-0 

30 

3-0 

4-0 

5-0 

32 

4-0 

5-0 

6-0 

34 

5-0 

6-0 

7-0 

36 

6-0 

7-0 

8-0 

38 

7-0 

8-0 

9-0 

40 

8-0 

9-0 

1 0-0 

42 

9-0 

1 0-0 

44 

1 0-0 

I  I-O 

46 

n-o 

12-0 

48 

12-0 

1 3-0 

50 

13-0 

14-0 

52 

14-0 

15-0 

54 

15-0 

16-0 

56 

16-0 

17-0 

58 

17-0 

18-0 

60 

18-0 

19-0 
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18.  It  is  impossible  to  give  a  definite  rule  by  which  to 
find  the  weight  of  traveler  to  use  for  a  certain  counts  of  yarn, 
as  this  varies  not  only  in  different  mills  but  in  the  same  mill 
at  different  times  and  on  different  machines.  The  following 
are  general  principles,  however:  (1)  A  larger  ring,  other 
conditions  being  alike,  requires  a  lighter  traveler.  (2)  A 
change  to  a  coarser  yarn,  other  conditions  being  alike, 
requires  a  heavier  traveler.  (3)  Putting  more  twist  into  the 
yam  may  require  a  heavier  traveler.  (4)  A  better  grade  of 
stock,  for  example  Egyptian  cotton  instead  of  American,  will 
stand  a  heavier  traveler.  (5)  Old  rings  require  heavier 
travelers  than  new  ones;  frames  are  usually  started  with 
light  travelers  and  run  with  them  until  the  rings  become 
smooth  from  wear,  after  which  a  heavier  traveler  is  required, 
in  order  to  obtain  the  required  tension  on  the  yam.  (6)  Dur- 
ing moist,  sticky  weather 
travelers  run  hard  and  fly 
off;  under  these  circum- 
stances a  lighter  traveler 
should  be  used.  (7)  Short 
stock,  weak  staple,  or 
heavily  drafted  yarns  re- 
quire a  lighter  traveler 
than  the  same  numbers  spun  under  better  conditions.  In 
case  of  doubt,  the  preference  should  be  given  to  the  heavier 
traveler  if  the  yarn  will  stand  it,  as  a  heavier  traveler  will 
make  a  firmer  bobbin,  which  is  generally  desirable. 

In  order  to  give  a  general  idea  as  to  the  size  of  traveler  to 
use.  Table  IV  is  given;  but  it  must  be  remembered  that  this  is 
only  given  as  a  guide  and  that  the  best  traveler  to  use  can 
only  be  determined  by  experimenting  with  a  few  sizes.  Care 
should  be  taken  when  changing  from  one  make  of  traveler  to 
another  to  make  allowance  for  the  difference  in  the  weight  of 
100  travelers  of  the  new  make  as  compared  with  the  old,  which 
may  vary,  even  if  the  number  of  the  traveler  is  the  same. 

19.  Travelers  should  be  replaced  when  they  become 
worn.     Care  should  be  taken  that  the  proper  size  of  traveler 
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is  put  on  and  that  different  sizes  of  travelers  do  not  become 
mixed.  It  is  economical  to  have  attached  to  the  frame  a 
traveler  cup,  which  is  a  little  box  with  a  lid,  shown  open  in 
Fig.  3,  in  which  a  supply  of  travelers  may  be  kept. 


OPERATIONS  ATTENDANT  ON  SPINNING 

20.  The  w^ork  of  running  spinning  frames  is  done  by 
tenders,  generally  girls,  who  are  paid  so  much  a  side;  that  is, 
one  side  of  one  frame.  The  number  of  sides  that  each  tends 
varies  according  to  the  length  of  the  frame,  the  numbers  of 
the  yarn,  the  grade  of  stock  being  used,  and  the  ability  of  the 
tender.  The  average  for  coarse  yarns  is  1,000  spindles  to  a 
tender;  for  medium  yams,  1,200  spindles;  and  for  fine  yarns, 
1,400  spindles.  The  work  of  the  tenders  consists  chiefly  in 
piecing  up  broken  ends,  replacing  travelers,  and  cleaning  the 
upper  parts  of  the  frame;  they  should,  however,  be  trained  to 
take  an  interest  in  their  work  besides  merely  piecing  up  ends. 
For  instance,  they  should  endeavor  to  detect  spoiled  or  worn 
travelers;  to  determine  when  top  rolls  are  too  much  worn 
for  further  use;  to  see  that  the  saddles,  weight  levers,  and 
weights  are  always  in  proper  position;  and  to  keep  a  watch- 
ful eye  on  the  work  generally  and  report  anything  wrong. 


CREELING 

21.  Creeling  is  generally  performed  by  the  tender,  or 
spinner,  although  in  some  mills  extra  creelers  replace  the 
bobbins  as  they  run  off.  It  is  advisable  to  see  that  short 
piecings  are  made  and  that  the  piecings  are  not  too  hard  to 
draw  out  in  the  draft  rolls.  It  is  customary  to  have  a  different 
amount  of  roving  on  the  different  bobbins  in  the  same  creel 
of  a  spinning  frame  so  that  they  will  not  all  run  out  together. 


DOFFING 

22.  Doffing  is  the  replacing  of  full  bobbins  of  yam  with 
empty  ones.  Although  the  operation  differs,  in  detail,  on 
different  makes  of  frames,  the  following  description  shows 
how  it  is  usually  performed.    Just  before  the  frame  is  stopped. 
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the  doffers  place  in  the  alley  a  truck  bearing  a  box  divided  into 
two  parts,  one  of  which  is  to  receive  the  full  bobbins  as  they 
are  taken  from  the  frame,  while  the  other  contains  empty 
bobbins.  When  the  frame  is  stopped,  the  ring  rail  is 
dropped  to  its  lowest  position  by  means  of  a  foot-lever 
attached  to  one  of  the  rods  supporting  the  weights  beneath 
the  frame;  a  notch  in  it  catches  under  a  suitable  projection 
and  holds  the  rail  in  this  position  while  the  frame  is  being 
doffed.  The  frame  is  then  run  a  moment  to  give  a  little 
slack  to  the  ends;  the  thread  boards  and  separators  are  then 
pushed  back  out  of  the  way.  The  doffer  takes  off  the  full 
bobbins  with  one  hand  and  with  the  other  hand  places  empty 
bobbins  in  the  place  of  the  full  bobbins  that  have  been  removed 
from  the  spindles.  In  taking  off  the  full  bobbin,  the  slack 
end  unwinds  a  little  before  breaking  and  winds  around  the 
spindle;  as  the  empty  bobbin  is  put  on  over  the  spindle  the 
bottom  of  the  bobbin  grips  the  thread  and  no  further  piecing 
is  needed,  except  where  an  end  breaks  too  short  to  allow 
the  bobbin  to  grip  it. 

The  full  bobbins  are  deposited  in  the  empty  part  of  the 
box  on  the  truck,  and  after  all  the  full  bobbins  have  been 
removed  and  empty  ones  put  in  their  places  the  builder 
motion  is  set  in  its  correct  position  for  winding  on  an  empty 
bobbin,  the  thread  boards  let  down  to  their  working  posi- 
tion, the  separators  dropped,  and  the  frame  started.  The 
ring  rail  is  then  traversed  up  and  down  several  times  to 
bind  the  first  spirals  of  thread  wound  on.  All  ends  that 
are  broken  are  pieced  up  in  the  following  manner:  The 
tender  places  a  full  bobbin  between  her  teeth,  while  with  one 
hand  she  winds  the  thread  around  the  empty  bobbin  and 
with  the  other  hand  runs  the  thread  through  the  traveler 
and  pieces  the  end  to  the  end  that  is  being  delivered  by 
the  rolls.  

CLEANnrO 

23.  Creels  should  be  cleaned  twice  a  week;  that  is,  the 
dirt  that  has  accumulated  either  on  the  skewer  tops  or  bottoms 
should  be  removed  and  the  creels  thoroughly  wiped  down; 


20  RING  FRAMES  §39 

it  is  necessary  to  dust  them  oftener  than  this.  The  rolls, 
especially  the  bottom  steel  rolls,  are  apt  to  accumulate  fiber 
and  dirt  and  should  be  rubbed  down  with  dry,  soft  waste 
twice  a  week.  The  lifter  rods,  builder,  and  all  slowly 
moving  parts  should  be  cleaned  at  the  same  time.  Other 
parts  require  a  thorough  cleaning  more  frequently  than  this. 
For  instance,  the  ring  rail  should  be  brushed  every  time  the 
frame  is  doffed;  the  thread  boards  and  roll  beams  should 
be  wiped  off  three  times  a  day;  top  clearers  should  be  picked 
twice  a  day  and  the  bottom  clearers  as  required;  other  parts 
of  the  frame  should  be  thoroughly  cleaned  twice  a  week. 

Generally  speaking,  the  work  of  cleaning  is  attended  to 
by  the  spinners,  but  in  some  mills  small  boys  are  employed 
to  attend  to  such  general  cleaning  as  weights,  head  ends, 
Sampsons,  foot-ends,  etc.  The  times  of  cleaning  named 
above  are  not  sufficiently  frequent  where  coarse  carded 
yarns  are  being  spun. 

The  spindles  should  be  taken  out  and  cleaned  at  least 
twice  a  year,  when  the  dirty  oil  may  be  pumped  out  and  the 
bolster  base  and  '^ther  parts  thoroughly  cleaned. 


OILING 

24.  The  oilinii:  of  ring  spinning  frames  is  very  impor- 
tant, as  is  the  oiling  of  all  textile  machinery.  In  the  larger 
mills,  oilers  are  usually  employed  solely  for  this  work.  The 
spindles  having  oil  reservoirs  should  be  oiled  every  two  or 
three  weeks;  those  without  reservoirs  should  be  oiled  more 
frequently.  Some  spinners  recommend  adding  a  little  oil 
each  week  to  spindles  with  reservoirs.  The  quickly  running 
parts,  such  as  loose  pulleys  and  cylinders,  should  be  oiled  daily, 
as  should  the  top  front  rolls.  The  back  and  middle  rolls  do 
not  require  oiling  so  frequently,  especially  where  the  lubri- 
cating saddles  are  used,  but  should  be  oiled  at  least  once  a 
week.  All  other  moving  parts,  such  as  the  builder  and  the 
bearings  of  the  lifter  brackets,  should  be  oiled  every  week. 

Care  should  be  taken  in  oiling:  all  machines,  and  the  help 
employed  for  this  should  be  well  selected.     A  good  oiler 
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will  repay  his  wag^es  in  the  saving  of  oil,  and  in  attending 
to  his  duty  will  increase  the  production  and  the  life  of  the 
machinery.  It  is  not  advisable  to  use  the  cheap  oils,  which 
are  liable  to  gum  and  stick  and  have  a  high  viscosity.  An 
oil  of  a  medium  to  light  specific  gravity  is  better — not  so 
light  as  to  leak  through  the  pores  of  the  cast-iron  spindle 
bases,  and  not  so  heavy  as  to  cause  additional  friction.  A 
specific  gravity  corresponding  to  about  33  to  38°  on  a  Ueauind 
hydrometer  is  most  satisfactory. 


BANDING 

25.  Bandinii:  a  spinning  frame  is  one  of  the  most 
important  features  in  connection  with  it.  Slack  bands  tend 
to  make  soft  yarn  and  soft  bobbins;  tight  bands  absorb 
power  unnecessarily.  Since  any  part  of  a  band  must  bend 
around  a  whorl  about  f  inch  in  diameter  8,rXX)  or  10/KK)  times 
a  minute,  it  is  necessary  that  all  bands  be  made  of  suitable 
material,  so  that  they  will  not  become  slack  after  running  u 
short  time,  and  that  the  knots  should  be  so  made  that  they 
will  not  present  much  obstruction  in  passing  round  the 
small  whorl  of  the  spindle  and  thus  cause  a  jerking  or 
jumping  motion. 

It  is  customary  to  test  the  tension  at  which  l>ands  are 
running.  While  it  is  possible  to  run  satisfactorily  a  spindle 
with  an  initial  band  tension  of  1  p<^^und,  it  is  not  |>'/ssib]e  Vt 
have  all  the  bands  at  this  tension  and  s^i  ma<ie  and  \\*u\  as 
not  to  lose  speedily  their  grip  on  the  whorl  of  the  spindle. 
It  is  therefore  more  satisfactory  to  start  l/ands  with  an 
initial  tension  of  about  ':5  yx^unds,  '^rA  allow  th*rm  to  run 
down  to  2  pounds,  as  this  allows  \<tT  the  increase;  of  lerision 
that  occurs  in  wet  weather  or  after  the  franjeb  have  'tween 
standing,  especiaily  :n  the  case  of  a  low  tefjjj^ratur*-. 
Besides,  this  tessiorj  ib  ^arge  enough  to  elirrjirjate  the  ly/b^:- 
bility  of  slow  ronsiiig  of  Uie  bj;/i^dleb  ar*^  rxxK  coyise'juent  soft 
bobbins  of  slackly  twi^'ec  yarr.. 

26.  Bandb  may  -^  rr.aoe  of  yarr.  or  rov;r;g  vr  of  -c  *jju. 
bmaikm  of  boua-     7  hey  are  f:ut.*-Vfr.af:Jy  rj^':;e  v-   f/ar-*:::?-.^ 
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machines  that  stop  automatically  when  a  certain  lenfifth  of 
band  has  bee;n  made  and  a  certain  amount  of  twist  put  in»  so 
that  all  are  uniform.  Bands  made  of  roving  are  usually  pre- 
ferred to  those  made  of  yarn,  but  it  should  not  be  thought 
that  any  waste  material  is  good  enough  for  making  bands, 
as  poor  bands  are  far  from  being  economical.  The  main 
requisite  of  a  good  band  is  that  it  will  not  stretch.  Thq  yam 
or  roving  should  be  of  good  quality  and  a  large  number  of 
bands  should  be  made  at  one  time  from  the  same  grade  of 
stock,  hank  of  roving,  or  number  of  yam,  so  as  to  maintain 
a  regularity  in  the  bands  that  are  used  over  a  considerable 
period. 

One  method  of  making  bands  is  to  use  four  strands  of 
2-hank  roving  with  about  two  and  one-half  times  the  usual 
amount  of  twist,  or  about  three  and  three-quarter  turns 
per  inch.  Four  bobbins  of  this  roving  are  placed  in  the 
banding  machine  and  equal  lengths  from  the  four  bobbins 
twisted  into  one  strand,  after  which  the  process  is  completed, 
by  twisting  together  two  of  these  strands  with  about  four 
turns  per  inch  of  twist.  The  completed  band,  therefore, 
consists  of  two  strands  twisted  together,  each  strand  being 
made  by  twisting  together  4  ends  of  roving.  Since  the 
roving  has  also  been  twisted,  this  gives  three  processes  of 
twisting  to  complete  the  band,  which  results  in  a  very 
strong,  hard  product  well  suited  to  fulfil  the  requirements  of 
the  spinning  frame.  The  band,  when  completed,  generally 
has  a  loop  at  one  end  which  facilitates  tying  at  the  spinning 
frame.     Bands  made  in  this  manner  are  known  as  loop  bands. 

Another  method  of  making  bands  is  to  use  eight  strands  of 
8-hank  roving  with  a  core  band  of  eight  threads  of  number 
30s  yam.  The  roving  is  twisted  in  the  twisting  machine 
before  being  made  up  on  the  banding  machine,  where  the 
core  band  and  the  roving  are  twisted  together. 

Another  method  is  to  use  yam  only.  In  this  case  about 
36  ends  of  yarn  are  twisted  together  to  form  a  strand  and 
two  of  these  strands  then  twisted  to  form  a  loop  band. 

Bands  are  usually  made  between  100  and  130  to  the  pound 
and  should  not  weigh  less  than  115  nor  more  than  125  to  the 
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pound  for  a  frame  39  inches  wide.  Very  often  a  mark  is 
made  on  the  band  to  show  the  point  to  which  it  must  be 
drawn  in  tying  it  on,  with  a  view  to  securing  an  even  ten- 
sion. Banding  can  be  made  in  one  continuous  cord  and  is 
generally  supplied  in  this  form  wound  in  the  shape  of  a 
ball.  In  Europe,  it  is  almost  always  customary  to  use  bands 
in  this  form,  the  loop  band  being  a  feature  of  American 
mills  only, 

27.  The  spindle  is  generally  banded  by  a  special  opera- 
tive, called  a  band  boy,  although  in  small  mills  the  oiler  mny 
attend  to  the  duty  of  both  oiling  and  banding  the  frames;  in 
other  cases,  the  second  or  third  hands  band  the  frames.  In 
putting  on  a  band,  a  jack-knife  is  closed  on  one  end  of  it 
and  inserted  in  a  curve  in  a  specially  bent  wire.  The  end 
of  the  band  and  knife  are  passed  over  the  cylinder  and 
the  wire  withdrawn  and  passed  under  the  cylinder,  when  the 
operative  catches  the  hanging  end  of  the  band  and  drawn 
it  to  him. 

When  a  loop  band  is  used,  the  loose  end  should  be  divided 
into  two  strands  and  both  strands  passed  through  the  loop, 
one  in  one  direction  and  the  other  in  the  opposite  direction; 
the  two  loose  strands  should  then  be  tied  together,  pulling 
them  sufficiently  tight  to  bring  the  mark  on  the  band  to  the 
loop  on  the  other  end  of  the  band.  A  square  knot  is  tied. 
The  frame  is  not  stopped  during  this  operation. 

A  method  of  replacing  the  old  band  with  a  new  one  when 
the  old  one  is  still  in  position  is  temporarily  to  attach  r/nc 
end  of  the  new  band  to  the  old  one.  As  the  old  band  c^j^n- 
tinnes  its  motion  the  end  of  the  new  band  is  carried  around 
the  cylinder  and  back  to  the  front  of  the  frame.  The  old 
band  can  now  be  cat  with  a  knife  and  removed  and  the  new 
one  tied  in  place  and  allowed  to  drive  the  sfHndle.  The 
spare  amount  of  banding,  or  ends,  that  remain  afrer  the 
proper  length  has  been  used  and  the  knot  tierl,  should  t^  c«t 
oflE  to  within  about  i  inch  of  the  knot.  This  is  the  n^ncl 
method  of  replacing  the  bands  when  they  be/y/nrie  Uj^^  nlsif.'d 
or  worn  to  drive  the  spindles  %SLXi%lzclfju\j , 
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SCOURING 

28.  Spinning  frames  on  which  yaras  above  50s  are  being 
spun  should  be  scoured  thoroughly  once  a  year;  when  the 
yaras  are  between  30s  and  50s,  about  twice  a  year;  while 
those  spinning  lower  than  30s,  about  three  times  a  year. 

It  is  customary  in  some  mills  to  wash  ring  rails. and  rings 
once  a  year  in  tanks  long  enough  to  contain  the  longest  rail. 
In  one  tank  is  a  strong  solution  of  ammonia  and  water,  while 
the  other  contains  clean  water;  the  contents  of  both  tanks  are 
kept  at  the  boiling  point.  Near  these  tanks  is  a  tray  of  saw- 
dust. The  rails  and  rings  together  are  soaked  in  the 
ammonia  water  for  about  3  minutes,  afterwards  being  rinsed 
in  the  clean  water  and  dried  in  the  sawdust.  As  they  are 
hot  they  do  not  rust,  but  come  out  bright  and  clean. 


GENERAI.  CARE  OF  SPINNING  FRAMES 

29.  The  making  of  good  yarn  is  largely  a  matter  of 
attention  to  detail.  Of  course  the  stock  must  be  s:ood 
enough  for  the  purpose,  or  good  yarn  cannot  be  made.  The 
hank  of  the  roving  should  not  be  so  low  as  to  necessitate  too 
large  a  draft.  Where  double  roving  is  used  for  warp,  the 
draft  should  not  exceed  twelve  for  numbers  25s  to  40s,  while 
for  coarser  numbers  than  this  the  draft  should  be  reduced, 
on  account  of  the  greater  weight  of  the  roving  that  is  being 
drawn;  for  finer  numbers  the  draft  should  also  be  reduced, 
to  about  eleven  on  number  50s,  about  ten  on  number  60s, 
and  still  less  for  finer  numbers,  in  order  to  make  the  work 
run  well.  Where  double  roving  is  used  for  filling  the  draft 
should  not  be  higher  than  thirteen  on  numbers  25s  to  35s, 
and  this  should  be  reduced  to  as  low  as  nine,  ten,  or  eleven 
on  coarser  numbers  and  to  about  twelve  for  number  40s, 
eleven  for  number  50s,  ten  for  number  60s,  and  even  less  for 
finer  yarns.  These  figures,  of  course,  are  not  arbitrary,  as 
longer  drafts  can  be  used  if  stock  is  of  extra  quality  or  if  it 
is  combed  as  well  as  carded,  while  shorter  drafts  are  some- 
times necessary  in  other  casps. 
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Double  roving  on  spinning  frames  is  much  more  common 
in  America  than  in  any  other  country.  It  is  customary 
abroad  on  both  mules  and  ring  frames  to  use  single  roving 
for  all  numbers  up  to  50s  and  even  higher,  double  roving 
being  used  only  for  the  finer  yarns.  It  is  an  unsettled  point 
i^hether  single  roving  could  not  be  introduced  for  the  lower 
numbers  in  the  United  States  with  advantage  in  many  cases 
and  reduce  the  expense  of  making  the  yam.  To  spin  a  28s, 
for  instance,  with  a  draft  of  twelve  necessitates  a  roving 
of  4.66  hank.  With  single  roving,  say  4-hank,  the  draft 
could  be  reduced  to  seven,  which  would  be  much  easier  on 
the  stock  as  it  is  being  drawn  in  the  rolls;  the  4-hank  roving 
is  also  cheaper  to  make  than  a  4.66-  or  a  5-hank  roving. 
Even  a  3i-hank  roving  could  be  used,  which  would  give  a 
draft  of  only  eight,  and  still  a  good  yarn  be  made,  while  the 
3i-hank  roving  would  be  much  cheaper  than  4.66-hank.  In 
other  words,  the  excessive  draft  usually  required  when  using 
double  roving  in  the  average  American  mill  nullifies  to  some 
extent  the  advantage  of  doubling.  A  stronger  yam  can  be 
made  by  spinning  from  double  roving  than  from  single  roving, 
out  of  the  same  cotton,  but  at  a  greater  expense  per  pound. 

30.  Care  of  Rolls. — Other  things  that  require  attention 
in  order  to  keep  up  the  quality  of  the  yam  are  the  rolls, 
especially  the  top  rolls,  which  should  be  lecovered  when 
'wom  or  when  they  become  fluted  or  channeled.  A  good 
i?vay  to  test  the  evenness  of  a  roll  is  as  follows:  Place  the 
roll  on  a  perfectly  plane  surface,  roll  it  back  and  forth  a  full 
revolution  and  observe  the  light  that  passes  between  it  and 
the  surface  on  which  it  rests.  If  the  roll  is  as  it  should  be, 
very  little  if  any  light  can  be  seen,  while  if  it  is  uneven, 
some  parts  of  the  roll  will  touch,  while  others  will  show 
light  between.  Rolls  so  uneven  as  this  are  not  fit  to  run  on 
fine  work  either  as  middle  or  front  rolls.  On  very  coarse 
work,  however,  these  defects  will  not  amount  to  much;  still 
a  better  roll  would  be  preferable. 

Top  rolls  should  be  put  in  the  frame  so  that  the  lap  on  the 
leather  will  not  tum  up  in  working;  that  is,  the  lap  should 
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follow  on  the  outside.  Any  cotton  that  collects  on  the  bosses 
of  the  rolls  should  be  removed  immediately  in  order  to  pre- 
vent the  rolls  becoming  injured. 

In  addition  to  making  drafts  as  ligKt  as  possible,  rolls 
should  be  set  the  right  distance  apart  and  the  roving  should 
not  contain  too  many  turns  per  inch,  merely  having  suffi- 
cient turns  to  enable  it  to  draw  the  bobbins  around  in  the 
creels.  The  roving  trumpets  should  be  kept  clean;  otherwise, 
cotton  and  dirt  gather  there,  causing  additional  strain  and 
draft  on  the  roving  before  it  enters  the  rolls.  The  trumpets 
should  be  set  so  that  at  the  center  of  their  traverse  they 
will  be  at  the  center  of  the  boss  of  the  top  roll,  and  should 
not  be  allowed  to  become  loose  or  tip  over.  Rolls,  espe- 
cially top  rolls,  should  not  be  allowed  to  become  dry  at  the 
bearings  through  neglect  in  oiling;  otherwise  they  drag  and 
their  speed  is  reduced,  producing,  in  the  case  of  front  rolls, 
yarn  coarser  than  it  ought  to  be,  sometimes  to  the  extent  of 
five  or  six  numbers.  This  also  causes  the  rolls  to  make 
rough,  lumpy,  fuzzy,  and  uneven  yarn  and  increases  the 
power  necessary  to  drive  the  frame. 

Waste  is  apt  to  gather  at  the  ends  of  the  top  roll  and 
form  a  hard  cake,  which,  unless  picked  off,  retards  the 
motion  of  the  roll  and  produces  the  same  effect  as  a  dry 
roll.  Sometimes  hard  cakes  of  dirt  form  on  the  arbors  of 
the  shell  rolls  with  the  same  result. 

When  the  saddles  are  set  on  the  top  rolls  the  wrong  way, 
it  results  in  improperly  distributing  the  weight  on  the  rolls. 
When  they  are  worn  they  have  too  much  bearing  surface  on 
the  rolls  and  retard  their  movement  to  some  extent,  thus 
causing  an  irregularly  drawn  yarn  to  be  made.  The  weights 
should  always  be  set  in  the  right  place,  not  one  in  one 
place  and  others  in  different  positions  on  different  levers. 
The  cap  nebs  must  be  securely  fastened  in  their  proper 
positions  and  so  fixed  as  not  to  bind  the  ends  of  the  rolls. 
No  two  adjacent  rolls  should  be  in  contact.  All  rolls,  with 
their  bearings  and  working  parts,  should  be  perfectly  cleaned, 
well  oiled,  and  easy  running,  otherwise  bad  spinning  will 
result. 
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The  top  and  under  clearers  must  be  kept  clean  and  well 
covered  or  they  will  allow  the  waste  to  be  incorporated  in 
the  yam,  which  will  cause  bad  work  in  every  succeeding 
process.  These  things  can  only  be  kept  right  by  system, 
intelligence,  and  close  attention  to  duty  on  the  part  of 
everybody  concerned. 

31.  Build  of  Bobbin. — Badly  shaped  bobbins  may  be 
caused  in  various  ways.  If  the  taper  on  warp-wind  bobbins 
is  too  long,  it  can  be  remedied  by  not  taking  up  so  many 
teeth  on  the  builder  ratchet  at  each  traverse  of  the  ring  rail. 
Owing  to  the  usual  construction  of  ring  frames,  the  taper  on 
filling  frames  cannot  be  varied  much,  a  change  in  the  take-up 
of  the  builder  not  affecting  the  taper  as  it  does  in  a  warp- 
wind,  but  merely  changing  the  diameter  of  the  bobbins. 

With  a  medium  traverse,  a  short  taper  for  warp  yarn  is 
better  than  a  long  one.  The  long  taper  decreases  the  length 
of  the  yarn  that  can  be  put  on  the  bobbin  and  requires  more 
stoppage,  as  the  frame  will  require  more  frequent  doffing. 
If  the  ring  rail  is  not  made  to  run  more  slowly  when 
changing  to  finer  yarn,  the  coils  cut  between  one  another; 
on  the  other  hand,  if  not  made  to  run  more  quickly  for 
coarser  yarn  the  coils  ride  on  one  another  and  form  an 
uneven  surface.  If  either  of  these  faults  is  found,  the 
gearing  should  be  changed  so  as  to  wind  each  layer  cor- 
rectly. Bobbins  irregularly  shaped  or  with  uneven  surfaces 
may  be  caused  by  dirty  lifter  rods,  sprung  ring  rails,  or 
bobbins  not  fitting  on  the  spindle  sleeves  properly. 

The  frames  should  receive  careful  attention  and  should  be 
examined  periodically,  especially  the  older  machines,  to  see 
whether  the  rings  are  retaining  their  proper  rotundity  and 
whether  they  need  replacing  or  turning;  whether  the  cylin- 
ders are  true;  whether  the  spindles  are  kept  properly  adjusted 
by  means  of  the  adjustments  provided;  that  no  undue  wear 
is  occurring  in  cylinder  bearings,  loose  pulleys,  and  other 
quickly  revolving  parts;  that  the  steel  rolls  are  in  good  con- 
dition, not  having  become  roughened  or  scratched  by  the 
use  of  knives  or  hooks  for  picking  off  laps,  or  loose  in  their 
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joints;  that  they  remain  straight  and  true  and  are  not  worn 
in  the  necks;  that  ring  rails  are  level  and  have  not  sprung 
from  the  supports;  that  bobbins  are  thrown  out  when  they 
bfecome  damaged  or  untrue. 

Other  features  that  tend  to  make  good  yam  are  well- 
balanced  bobbins,  clean  creels,  skewers  free  from  waste* 
proper  space  between  the  boards  of  the  creels  and  short 
piecings  from  creeling. 

On  filling  frames,  especially,  bobbins  should  be  reamed  oa 
the  top  or  the  base  as  soon  as  it  is  required  so  that  they  will 
fit  the  spindles  properly.  Any  waste  that  collects  in  the 
bobbins  should  be  cleaned  out  so  that  the  bobbins  will  stand 
in  line,  each  in  its  proper  place  on  the  spindle. 

The  work  of  the  frame  should  be  closely  watched,  and  if 
it  is  found  that  excessive  breakage  of  ends  occurs  at  certain 
times  the  reason  should  be  ascertained.  For  instance^  if  wheil 
the  frame  is  winding  on  the  small  diameter  of  the  bobbin 
an  excessive  amotint  of  breakage  is  noticed,  sometimes 
a  lighter  traveler  and  a  higher  speed  will  obviate  thts^^^H 
and  so  on*  ^B 

Filling  frames  should  not  be  stopped  when  winding  on  the 
small  diameter  of  the  cone»  as  this  causes  additional  strain 
and  breakage  of  ends  when  starting  np  as  compared  with, 
winding  on  the  large  diameter. 

32*  When  considering  production,  the  speed  of  the  front 
roll  is  the  most  important  factor.  The  speed  of  the  spindle 
must  also  be  sufficiently  high  to  give  the  necessary  turns 
per  inch  to  the  yam  while  the  front  roll  is  running  at  a  good 
speed,  but  it  should  not  be  so  high  as  to  cause  breakages 
and  necessitate  excessive  spindle  speed  to  make  the  work  run 
well.  The  speed  to  adopt  can  be* found  by  experimenting 
until  one  is  attained  that  gives  the  greatest  production  with 
the  least  amount  of  work  for  the  spinners. 

33.  Economical  Maiiag^ement. — A  large  production 
means  economy,  as  it  reduces  the  cost  per  pound  of  the 
yam.  It  is  therefore  more  economical  to  run  at  high  speeds 
than   low   if   the   product   is   maintained   of   good   quality. 
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Economy  of  power  is  maintained  by  not  having  too  high  a 
tension  on  the  spindle  bands  and  by  having  all  parts  of  the 
frame  well  oiled. 

One  of  the  greatest  expenses  in  connection  with  ring 
frames  is  the  matter  of  travelers,  which  amounts  to  an 
average  of  about  $20  per  thousand  spindles  for  the  first  year, 
but  should  not  be  more  than  $6  to  $8  per  thousand  after- 
wards. In  some  cases  the  figures  given  are  exceeded  in  the 
first  year.  One  method  of  economizing  on  travelers  is  to 
have  the  speed  of  the  spindles  and  the  weight  of  travelers  so 
proportioned  that  the  travelers  will  not  heat  and  lose  their 
temper,  thus  wearing  out  and  flying  off,  but  of  equal,  if  not 
greater  importance,  is  it  to  use  rings  made  of  high-grade 
steel,  or  what  are  often  spoken  of  as  fine-grained  rings. 

It  is,  of  course,  economical  to  use  cotton  that  is  not  too 
•high  in  price  to  produce  the  results  desired  in  the  yam,  but 
it  is  just  as  true  that  it  is  false  economy  to  use  too  poor  a 
quality  of  cotton.  By  selecting  cotton  of  too  low  a  quality 
the  production  of  the  frame  is  reduced,  there  are  more  break- 
ages of  yam,  more  stoppages,  and  the  quality  of  the  product 
is  not  so  good  as  it  ought  to  be.  By  using  a  sufficiently 
good  quality  of  raw  material  the  yarn  can  be  spun  with 
less  turns  per  inch  than  when  made  from  poor  cotton,  thus 
increasing  the  production  and  making  a  better  appearance 
in  the  fabric.  It  is  especially  tme  with  regard  to  yam  for 
weaving  that  sufficiently  good  cotton  should  be  used,  as  a 
good  quality  of  yam  helps  to  increase  the  production  in  the 
weave  room,  reducing  the  number  of  times  that  the  loom 
stops  and  reducing  the  waste  as  compared  with  what  is  the 
case  when  poor  yam  is  used. 

84.  Atmospheric  Condltlonft. — The  temperature  of 
the  spinning  room  should  be  between  70°  and  80®,  the  finer 
yams  requiring  the  higher  temperature,  the  coarser  yams  the 
lower  temperature.  Warm  rooms  mean  easier  mnning  spin- 
dles, as  the  bands  are  not  so  tight  and  are  more  pliable;  the 
oil  in  the  spindle  reservoirs  is  warmer;  and  the  fibers  of 
cotton  more  tractable  and  more  easily  drawn;  75®  is  a  good 
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standard.  Means  should  be  taken  to  keep  the  temperature 
at  this  standard  by  an  efficient  system  of  heating  and 
ventilating. 

The  amount  of  moisture  contained  in  the  air  of  the  spin- 
ning room,  spoken  of  as  the  humidity,  is  of  importance.  In 
some  cases  the  proper  humidity  is  obtained  by  forcing  steam 
into  the  spinning  rooms,  but  this  is  not  good  practice,  as  it 
heats  the  room  unnecessarily  and  undesirably.  It  is  much 
better  to  use  an  artificial  system  of  moistening  the  air  by 
which  cold  vapor  is  forced  into  the  room.  By  means  of  these 
moistening  machines,  sometimes  called  drosophoreSy  finely 
divided  sprays  of  cold  water  are  produced,  thus  attaining 
the  requisite  standard  of  humidity  without  an  undesirable 
increase  in  temperature.  This  is  especially  advantageous  in 
hot  weather.  It  is  generally  found  that  a  standard  humidity  of 
from  50  to  60  per  cent,  of  the  maximum  amount  of  moisture 
that  the  atmosphere  will  contain  gives  the  best  results. 
Temperature  and  humidity  should  not  be  confused.  Tem- 
perature, of  course,  means  the  number  of  degrees  of  heat, 
while  humidity  means  the  amount  of  moisture  in  the 
atmosphere.  

SETTING    UP    AND     RELEVELING     NEW    AND    OLD     FRAMES 

35.  In  setting  up  new  spinning  frames  and  also  in  going 
over  old  ones  and  resetting  them,  which  should  be  done  at 
least  once  a  year,  a  number  of  precautions  are  necessary, 
especially  in  connection  with  the  setting  of  the  spindles, 
rings,  and  cylinders.  As  the  spindle  rail  and  the  ring  rail 
should  be  leveled  accurately,  the  whole  frame  should  be 
accurately  set  up  and  leveled  in  the  mill,  and  later  if  the 
floors  settle,  in  the  case  of  a  new  mill,  it  should  again  be 
leveled.  After  the  spindle  rail  has  been  leveled,  the  spin- 
dles should  be  set  plumb  and  their  tops  leveled  perfectly; 
if  they  are  well  made,  this  ought  to  be  possible  without 
packing  them  with  paper,  although  this  is  sometimes  nec- 
essary, especially  with  old  frames.  The  object  of  having  the 
spindle  vertical  is  that  it  shall  be  concentric  with  the  ring, 
not  only  at  the  bottom  of  the  traverse  but  at  the  top  as  the 
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ring  rail  moves  vertically.  The  spindle  rail  is  bored  with 
a  hole  larger  than  the  lower  portion  of  the  bolster  to  allow 
for  adjustment,  but  the  spindles  should  be  set  as  nearly  as 
possible  in  the  center  of  this  hole,  so  that  all  will  be  in  line. 
This  keeps  the  bands  all  one  length. 

The  lifting  rods  should  be  vertical  and  the  ring  rails  should 
fit  accurately  on  the  top  of  the  lifter  rods  without  having 
to  be  sprung  into  position.  After  the  ring  rail  is  placed 
in  position  the  rings  should  be  adjusted  to  the  spindles  so 
that  they  will  be  perfectly  concentric,  whether  the  rail  is  at 
the  top  or  at  the  bottom  of  the. traverse.  All  adjustments 
should  be  confined  to  the  rings  if  possible.  All  rings  should 
be  set  with  the  spindles  running;  where  the  cast-iron  holder 
is  used  they  are  set  by  means  of  three  screws — two  at  the 
front  and  one  at  the  back.  By  slackening  one  or  more  of 
these  screws  and  tightening  the  others,  the  ring  can  be 
moved  in  almost  any  direction.  Where  the  plate  holder  is 
fixed  to  the  ring  rail  by  means  of  screws  binding  in  only  two 
slots,  the  adjustment  can  only  be  made  backwards  and  for- 
wards, or  in  two  directions. 

The  guide  wires  should  deliver  exactly  over  the  tops  of  the 
spindles.  Too  much  care  cannot  be  taken  in  the  setting  of 
these  guides,  since  if  not  centered  they  cause  the  yarn  to 
chafe  on  one  side  of  the  bobbin,  thereby  causing  a  great  deal 
of  breakage.  The  best  method  of  setting  them  is  by  means 
of  a  tapered  set  made  of  steel.  A  hole  about  a  inch  deep  just 
fits  the  spindle,  while  the  point  just  touches  the  guide.  The 
spindle  should  be  running  while  the  guide  wire  is  being  set. 

Most  modem  frames  have  arrangements  for  setting  the 
cylinder  higher  or  lower  as  required,  so  as  to  bring  the  bottom 
of  the  groove  on  the  whorl  exactly  level  with  the  center  of  the 
cylinder  shaft.  Cylinders  should  be  exactly  straight  through- 
out their  whole  length.  Adjustments  should  be  provided  so 
that  the  cylinder  may  be  moved  to  accommodate  any  position 
of  the  spindle;  also,  that  the  correct  distance  between  the 
guide  wire  and  the  top  of  the  spindle  may  be  obtained.  In 
some  frames  this  setting  is  provided  for  by  arranging  for 
the  thread  board  to  be  moved  vertically. 
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The  fact  that  the  frame  itself,  including:  sampsons,  hes 
ends  and  foot-ends,  should  be  perfectly  level  must  again  1 
emphasized;  otherwise,  settings  cannot  be  made  accurateE 
or  if  they  are  they  may  later  work  out  of  true.  Unl^ 
well  constructed,  all  joints  milled  so  as  to  fit  closely  togethe 
and  all  made  accurately  to  the  same  templet,  the  frame  caniiL 
be  expected  to  remain  in  good  condition  and  the  accuracy 
of  all  its  settings  be  maintained. 
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(PART  1) 


MULE    CONSTRUCTION 


INTRODUCmON 

1.  Cotton  Spinning:. — The  spinning:  process  in  the 
^ries  of  cotton-yam  preparation  processes  is  the  final  one 
and  converts  the  material  into  yam.  Previous  processes  have 
cleaned  the  fibers,  arranged  them  in  suitable  formation  as 
roving,  and  attenuated  this  roving  until  only  one  more  proc- 
ess of  drafting  is  necessary  to  reduce  it  to  the  size  desired 
to  form  yam.  At  the  spinning  process  this  final  attenuation 
is  imparted,  and  in  addition  a  sufficient  amount  of  twist  is 
permanently  inserted  to  give  to  the  yam  the  strength  desired 
For  the  purpose  for  which  it  is  intended.  It  is  in  this  respect, 
2specially,  that  the  spinning  process  differs  from  those  pre- 
ireding  it;  in  the  previous  processes  twist  is  inserted  only 
because  it  is  necessary  to  enable  the  raw  material  to  hold 
together  while  being  handled  and  operated  on  at  the  various 
processes. 

2.  Cotton  yam  is  spun  on  four  kinds  of  spinning  machines 
— the  hand  mule,  the  throstle  frame,  the  self-acting  mule, 
and  the  ring  frame.  The  term  franu  spinning  includes  spin- 
ning by  both  ring  frames  and  throstle  frames,  but  is  now 
generally  applied  only  to  ring-frame  spinning.  The  term 
mule  spinning  includes  both  self-acting  and  hand-mule  spin- 
ning, but  is  now  generally  applied  only  to  self-aciing-mule 
spinning. 
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The  hand  mule  is  fast  disappearing,  in  consequence  of  the 
great  improvements  made  in  the  self-acting  mule,  and  is  now 
used  in  the  cotton  trade  only  for  spinning  very  fine  numbers 
in  the  older  manufacturing  countries.  It  is  so  arranged 
that  the  heavier  parts  are  driven  by  power,  but  the  winding 
and  other  motions  requiring  careful  adjustment  are  governed 
by  hand. 

The  throstle  frame  is  also  passing  into  disuse,  in  conse- 
quence of  the  greatly  superior  advantages  of  the  ring  frame, 
so  that  the  two  leading  machines  now  in  use  for  spinning 
cotton  yarn  are  the  ring  frame  and  the  self-acting  mule. 

3.  Comparisou  of  Rin^  SpiniiiD^  and  Mule  Spin- 
ning.— The  chief  difference  between  the  ring  spinning 
frame  and  the  mule  is  that  the  former  is  a  constant,  and  the 
latter  an  intermittent,  spinning  machine.  While  the  ring 
frame  is  in  operatio'n,  yarn  is  continually  being  delivered  by 
it;  but  while  the  mule  is  in  operation,  a  few  seconds  are 
occupied  in  drawing  out  and  twisting  the  roving,  so  as  to 
produce  a  certain  number  of  inches  of  yarn,  after  which  the 
machine  ceases  to  produce  and  another  brief  period  of  time 
is  occupied  in  winding  on  to  the  spindles  the  yarn  that  has 
been  spun.  This  complete  cycle  of  operations  is  repeated 
several  times  a  minute.  * 

There  is  also  a  difference  in  the  form  in  which  the  yarn  i^ 
produced.  The  ring  spinning  frame  winds  it  on  a  wooderB- 
or  paper  bobbin,  while  the  mule  produces  yarn  in  the  fonrs 
of  a  cop;  that  is,  a  cylindrical  coil  of  yarn  with  cone-shaped 
ends,  self-contained  by  means  of  the  method  of  winding*. 
which  can  build  up  the  yarn  on  the  bare  spindle  of  the  mul^ 
firmly  enough  to  be  handled,  after  removal,  without  requir- 
ing any  central  support,  although  more  commonly  the  cop  is 
built  on  either  a  short  or  a  long  paper  tube. 

In  the  mechanism  by  which  the  yarn  is  produced,  the 
ring  spinning  frame  differs  very  considerably  from  the  mule; 
in  fact,  the  two  machines  are  radically  different  in  principle, 
construction,  and  operation.  The  mule  is  far  more  compli- 
cated, more  liable  to  disarran^^cment,  and  requires  greater 
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skill  in  operating  and  supervising.  As  a  rule,  it  is  used 
in  the  United  States  to  produce  only  certain  classes  of  yarn 
for  which  it  is  especially  suitable;  for  example,  fine  yarns  for 
filling,  soft-twisted  yarns  for  knitting,  and  very  coarse  yarns 
made  from  short-staple  cotton,  from  mixtures  of  cotton  and 
waste,  or  from  waste  alone. 

The  relative  advantages  of  the  mule  and  the  ring  spinning 
frame  are  debatable  and  depend  on  local  or  special  conditions 
in  many  cases.  In  general,  it  may  be  stated  that  the  mule 
has  the  advantage  for  special  classes  of  yarn,  such  as  those 
named,  largely  owing  to  its  great  range  of  adjustments, 
which  enables  almost  any  desired  effect  in  cotton  yarns  to  be 
produced.  In  the  amount  of  power  required  per  spindle  the 
mule  has  the  advantage  over  the  ring  frame  and  also,  except 
in  special  cases,  in  the  first  cost  of  the  machine  per  spindle. 
As  regards  the  cost  per  pound  of  production,  the  mule  has 
the  advantage  on  very  fine  numbers,  and  in  some  cases  on 
very  coarse  numbers,  the  ring  frame  having  the  advantage 
on  medium  numbers,  and  generally  also  on  coarse  numbers. 

The  disadvantages  of  the  mule  as  compared  with  the  ring 
spinning  frame  are  that  mules  require  more  highly  skilled 
and  more  expensive  operators  than  ring  spinning  frames, 
that  a  larger  amount  of  floor  space  per  spindle  is  necessary, 
and  that  they  are  more  easily  put  out  of  working  order,  and, 
in  case  of  accidents,  are  more  difficult  and  expensive  to  repair. 

4.  The  mule  is  the  invention  of  Samuel  Crompton,  of 
Bolton,  England,  who,  about  the  year  1779,  combined  the 
principles  of  the  water  frame,  which  had  been  invented  by 
Richard  Arkwright  and  was  of  the  continuous  type  of  spin- 
ning machine,  with  the  spinning  jenny,  which  had  been 
invented  by  James  Hargreaves  and  was  of  the  intermittent- 
spinning  type.  To  this  combination  of  two  widely  different 
machines  the  name  mule  was  applied  and  has  ever  since 
remained  in  use. 

The  mule  has  always  been  more  largely  used,  in  England, 
for  cotton  spinning  than  the  ring  spinning  frame;  this  is  also 
the  case  to  a  considerable  extent  in  other  parts  of  Europe, 
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but  the  tendency  now  is  to  increase  the  number  of  ring  spinning 
spindles.  In  England,  from  35,000,000  to  40,000,000  mule 
spindles  are  in  operation.  The  mule  is  used  only  to  a  com- 
paratively small  extent,  in  America,  chiefly  in  the  New  Eng- 
land and  Middle  states. 

The  mule  having  been  invented  in  England  and  for  over  a 
century  having  remained  the  standard  spinning  machine  in  that 
country,  it  is  only  natural  that  the  highest  developments  of 
mule  construction  and  mule  spinning  have  been  in  that 
country,  and  it  is  universally  recognized  that  four  or  five 
types  of  mules  now  built  in  England  represent  the  highest 
type  of  spinning  mule  that  can  be  found.  In  general  prin- 
ciple these  are  somewhat  similar,  the  differences  in  construc- 
tion being  principally  in  the  details  of  the  motions  adopted  to 
produce  various  results. 

Perhaps  in  no  type  of  cotton-mill  machines  have  so  many 
different  contrivances  been  used  to  attain  the  same  object  on 
machines  of  different  makes  as  in  the  mule.  In  consequence, 
many  styles  of  mules  are  now  in  use  that  differ  in  construc- 
tion, but  do  the  same  kind  of  work.  It  will  be  impossible 
to  describe  here  every  style  in  detail,  but  a  standard  con- 
struction will  be  taken  for  description,  and  if  this  is  studied 
carefully,  slightly  different  motions  on  other  mules  will  be 
easily  understood. 

The  type  of  mule  to  be  described  is  known  as  a  cam-shaff 
mule  with  the  run  pulley  at  the  back.  The  meaning  of  these 
terms  will  be  understood  from  the  description  that  is  to  be 
given.  

GENERAL.  CONSTRUCTION  OF  THE  MUL.E 
5.  Objects. — The  mule  has  three  principal  objects: 
(1)  the  reduction  of  the  roving  to  the  counts  of  yam 
desired,  usually  accomplished  by  drawing  rolls,  although  on 
special  occasions  what  is  known  as  carrias^e  draft  is  used  in 
addition;  (2)  twisting  the  yarn  to  give  it  sufficient  strength 
for  the  purpose  intended,  accomplished  by  winding  it  near 
the  end  of  a  rapidly  revolving  inclined  spindle,  from  which  it 
slips  each  time  the  spindle  makes  one  complete  turn,  thus 
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receiving  one  turn  of  twist,  while  it  is  kept  under  tension  by 
the  spindle  receding  from  the  rolls  as  the  stock  is  delivered; 
(3)  winding  the  yam  in  suitable  form  for  use  at  the  next 
process  or  for  transportation;  this  is  accomplished,  after  a 
definite  length  of  yam  has  been  spun,  by  winding  the  yam 
on  a  paper  tube  or  a  bare  spindle  in  the  form  of  a  cop  by 
means  of  guiding  wires,  as  the  spindles  approach  the  rolls. 

6.  Principal  Parts  and  Actions. — A  perspective  view 
of  the  main  portions  of  the  front  of  a  mule  is  shown  in 
Fig.  1,  while  Fig.  2  is  a  rear  view.  Generally  speaking, 
the  machine  proper  consists  of  the  headstock  a,  which  con- 
tains most  of  the  mechanism  for  operating  the  various  parts; 
the  creel  b.  Fig.  3,  for  holding  the  roving  that  is  to  be  drawn 
and  converted  into  yam;  the  drawing  rolls  Cy  Cx,  c^  for  insert- 
ing the  required  amount  of  draft  to  reduce  the  size  of  the 
roving;  and  the  carriage  d  that  carries  the  spindles  for  twist- 
ing and  winding  the  yam,  the  cylinder  for  driving  the 
spindles,  and  the  fallers  t^r.  guidin^^.the  yam  on  to  the 
spindles  and  keeping  it  undier  tension  during  winding. 

7.  The  bobbins  of  roving  *„  Fig.  3,  ftom  the  last  fly- 
frame  process  are  placed  in  the  creel  b  and  the  ends  con- 
ducted to  the  drawing  rolls  f„  r,v  ^y  thrdti|:h  which  they  pass, 
in  order  that  they  may  be  drafted  as  required.  After  leav- 
ing the  front  drawing  rolls,  the  stock  passes  to  the  spin- 
dles fl^i,  which  are  carried  by  the  carriage.  The  carriage 
recedes  from  the  rolls,  as  the  stock  is  being  delivered, 
but  after  the  rolls  cease  to  deliver,  it  returns.  When  the 
rolls  first  commence  to  deliver,  the  spindles  occupy  posi- 
tion («),  shown  in  dotted  lines,  and  gradually  recede  in  the 
direction  shown  by  the  arrow,  until  position  (b)  is  reached, 
when  the  rolls  stop  delivering  and  the  carriage  ceases  to 
move  outwards.  The  extent  of  the  outward  movement  of 
the  carriage,  known  as  the  draw,  or  stretch,  varies  from 
53  to  68  inches,  the  general  length  being  about  62  or  64  inches. 

During  the  outward  run  of  the  carriage,  the  spindles  are 
revolving  and  inserting  twist  in  the  yam,  which  is  accom- 
plished by  having  the  upper  ends  of  the  spindles  slightly 
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below  the  delivering  point  of  the  rolls,  as  shown  by  the  dotted 
lines  in  position  (a),  and  the  spindles  inclined,  with  the 
upper  end  nearer  the  rolls  than  the  lower.  Fig.  4  is  a  large 
view  showing  this  arrangement  for  one  spindle,  which  is  the 
same  for  all.  Since  the  spindle  is  inclined  toward  the  rolls 
and  is  revolving  as  the  stock  is  being  delivered,  a  few  open 
spirals  of  yam  are  wound  on  its  blade  between  the  nose,  or 

/ 


upper  end,  of  the  cop  and  the  point  of  the 
^dj  spindle.  If  the  spindle  were  extended  as 
shown  by  the  upright  dot-and-dash  line,  the 
yarn  would  wind  on  it  in  open  spirals  until 
it  formed  a  right  angle  with  the  spindle,  as 
shown  by  the  other  dot-and-dash  line;  but 
since  the  spindle  is  not  thus  extended,  after 
the  coils  of  yarn  have  reached  its  upper  end, 
every  time  it  makes  one  revolution  the  upper 
coil  is  slipped  off  just  as  it  is  being  com- 
pleted, thus  inserting  one  turn  of  twist  in  the 
yam.  The  spindles  by  receding  from  the 
rolls  keep  the  yarn  under  tension  as  it  is 
being  delivered,  and  since  they  are  continu- 
ally revolving  during  this  time,  they  are 
continually  inserting  twist.  The  inclination  of  the  spindles 
assists  in  allowing  the  yarn  to  pass  easily  over  the  ends, 
especially  when  the  carriage  is  near  the  end  of  its  outward 
run,  as  the  angle  between  the  yarn  and  the  spindles 
approaches  nearer  to  a  right  angle  than  when  the  carriage 
is  first  starting  out.  This  is  shown  by  positions  {a)  and  (b) , 
Fig.  3.  The  spindles  are  driven  by  bands  passing  around 
the  revolving  cylinder  d^  and  the  whorls  on  the  spindles. 
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While  the  carriage  is  running  out,  the  fallers  (/»,  A,  known  _ 
as  the  wmdin£  and  counter  faikrs,  respectively,  are  not  in  ■ 
contact  with  the  yara^  but  occupy  the  positions  shown  ita 
Fig.  3,  the  winding-faller  wire  being  above  the  yarn  and  the 
counter-,  or  tension-j  faller  wirCj  below.  The  winding  faller 
is  for  the  purpose  of  guiding  the  yarn  on  to  the  spindles  in 
the  proper  form  to  build  up  a  cop,  while  the  counter  faller 
keeps  the  yarn  under  tension  dnring  winding.  Generally 
speaking,  fallers  consist  of  two  shafts  d^.d^  that  carry  cur\''ed 
arms,  or  sickles^  similar  to  A,  d^  that  are  arranged  at  intervals 
along  their  respective  shafts.  At  their  outer  ends  these 
arms  support  %vires  d^^t  dtt%  which  are  the  portions  that  came 
in  contact  with  the  yam. 

When  the  carriage  has  reached  position  (^),  Fig,  3,  the 
spindles  and  rolls  are  stopped  and  the  spinning  is  completed. 
In  order  that  the  yarn  may  be  wound  on  the  spindles,  the 
open  coils  of  yarn  between  the  noses  of  the  cops  and  the  ends 
of  the  spindles  must  be  unwound;  this  is  done  by  causing 
the  spindles  to  make  a  few  revolutions  in  the  opposite 
direction  to  that  in  which  they  revolve  during  spinning  and 
winding,  and  is  known  as  hacking  i?//.  After  the  open  cot  Is 
are  entirely  unwound,  the  spindles  stop  revolving  in  this  ^ 
direction,  the  fallers  in  the  meantime  having  assumed  their  ■ 
proper  positions  for  winding.  Winding  commences  as  the 
carriage  starts  to  run  in  and  continues,  the  yarn  being 
guided  on  to  the  spindles  by  the  winding  faller,  until 
position  {a)  is  reached,  when  the  carriage  and  spindles  stop, 
which  completes  the  cycle  of  operations.  The  rolls  now 
begin  to  deliver,  the  spindles  to  revolve,  and  the  carriage  to 
move  outwards,  as  before. 


8»  The  actions  of  the  mule  can  thus  be  divided  into  four 
principal  periods  in  the  order  in  which  they  occur:  (1)  draw- 
ing and  twisting:  (2)  backing  oflE;  (3)  winding;  (4)  reenga- 
ging- These  actions  are  automatic  and  are  repeated  at 
frequent  intervals.  The  amount  of  time  consumed  in  their 
repetition  varies  according  to  circumstances,  such  as  the 
speed  of  the  mule,  the  counts  of  the  yam  being  spun,  the 
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length  of  the  stretch,  or  draw,  etc.  A  greater  lengrth  of 
time  is  required  when  spinning  fine  counts,  hard-twisted 
yarns,  when  running  at  slow  speeds,  and  when  the  stretch 
is  long.  For  convenience  and  explanation,  the  time  con- 
sumed will  be  considered  as  15  seconds;  that  is,  about 
15  seconds  elapse  from  the  time  the  drawing  and  twisting 
action  commences  until  reengaging  is  completed  and  draw- 
ing and  twisting  commence  again. 


DETATLS  OP  CONSTRUCTION 


HEADSTOCK 

9«  The  lieadBtock  consists  of  a  rigid,  rectangular,  iron 
framework  supporting  the  mechanisms  that  operate  the 
majority  of  the  various  motions  necessary  in  the  operation 
of  the  mule.  It  is  not  situated  directly  in  the  center  of  the 
mule,  but  a  little  to  one  side,  causing  the  carriage  to  be  in 
practically  two  sections,  one  longer  than  the  other;  only  a 
portion  of  the  carriage  is  shown  on  each  side  of  the  head- 
stock  in  Fig.  1,  but  it  extends  for  a  considerable  distance,  in 
some  cases  30  or  40  feet,  although  this  varies  with  the 
number  of  spindles  and  the  gauge  of  the  mule.  The  head- 
stock  contains  the  rim  shafts  or  main  driving  shaft,  of  the 
machine;  the  cam-shaft^  which  controls  the  period  of  action 
of  the  various  motions;  the  frictions  for  backing  off  and 
drawing  in;  a  part  of  the  spindle-driving  mechanism;  a  part 
of  the  roll-driving  mechanism,  etc. 

10.  The  rim  shaft  «»,  shown  in  the  elevation.  Fig.  5, 
and  in  the  plan  view.  Fig.  6,  is  the  main  driving  shaft  of  the 
machine,  as  it  is  through  this  shaft  that  the  power  for  oper- 
ating most  of  the  various  parts  is  transmitted.  It  is  usually 
driven  from  the  main  shaft  of  the  room  through  a  counter- 
shaft, as  shown  in  Fig.  5.  The  main  driving  shaft  a,  carries 
a  pulley  «,  driving  a  tight  and  a  loose  pulley  on  the  coun- 
tershaft a*.  When  the  belt  a.  is  on  the  tight  pulley,  the 
countershaft  receives  motion  and  consequently  drives  the 
mule,  as  it  carries  a  pulley  a.  driving  a  tight  pulley  a,  on 
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the  rim    shaft  a,  by  means  of  a  belt  a,. 
also  carries  a  loose  pulley  a^r 

11.     The  cam-shaft^',  Figs.  6and7(fl),  (*),  (^),and  (d), 
operates  and  controls  the  various  motions  with  regard  to  the 


time  that  they  are,  and  are 
not,  in  operation.  It  is  situated 
within  and  near  the  back  of  the 
rectang^nlar  iron  framework  of 
tbe  headstock,  and  is  supported 
from  the  side  of  this  by  brackets, 
two  oi  which  are  shown  at^^,  f,. 
This  shaft  is  driven  from  the 
countershaft  a^.  Fig.  Ti^  through 
an  auxiliary  shaft  f.,  known  as 
the  backing-oH  frkihn  drwing^ 
shaii,  or  frequently  as  the  fa- 
khig-in  s/ia/L  The  countershaft 
carries  a  small  band  pulley  c^ 
that  drives  a  band  pulley  e^  on 
the  shaft  f\.  On  the  same  shaft 
as  the  pulley  c  is  a  spur  g^ear  r., 
Figs.  6  and  7  (a),  driving  the 
large  backinjj-oflE  cone-friction 
gear  e,,  which,  in  turn,  meshes 
with  the  gear  e,  on  the  rear  end  of  the  cam-shaft;  the  cam- 
shaft revolves  continually. 

12,     The  Cone  Friction. — A  conical  disk,  or  shell,  ^,  is 
securely  fastened  to  the  front  end  of  the  cam-shaft,  while 
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extending:  almost  the  entire  lengfth  of  the  shaft  is  a  longf 
sleeve  ^,.  that  carries  a  number  of  cams.  Fig.  7  (a)  is  a  per- 
spective view  of  the  cam-shaft  with  a  portion  of  the  connecting 
and  surrounding  parts,  while  Fig.  7  (*)  is  a  sectional  elevation 
of  a  portion  of  the  front  end  of  the  shaft  showing  the  method  of 
driving  the  long  sleeve. 
The  long  sleeve  extends 
part  way  into  the  cone 
shell  ^„  while  keyed  to 
it  is  a  short  slepve,  or 
subsleeve,  e^.  This 
short  sleeve  is  free  to 
slide  along  ^,o,  but  can- 
not revolve  without  im- 
parting motion  to  the  latter.  It  carries  a  friction  cone  ^,«, 
the  conical  surface  of  which  is  covered  with  leather  and 
comes  in  contact  with  the  inner  conical  surface  of  the  shell  e.; 
the  friction  between  these  surfaces  is  sufficient  to  cause  the 
short  sleeve,  and  consequently  the  long  one,  to  revolve 
during  the  time  that  they  are  in  contact.  This  mechanism 
is  usually  termed  a  cone  friction. 

In  addition  to  carrying  the  fric- 
tion cone  ^,„  the  short  sleeve 
carries  the  circular  disk  ^,„  which 
has  two  raised  portions  ^,4,  ^,., 
each  having  an  inclined  surface. 
Fig.  7  ic)  is  a  large  perspective 
view  of  the  disk  and  immediate  con- 
necting parts.  The  short  sleeve 
tends  to  be  pressed  forwards  by 
the  spiral  spring  ^,.  so  that  the 
cone  friction  will  be  thrown  into 
action,  but  is  prevented  from  mov- 
ing forwards,  until  required,  by  a  projection  ^,„  Fig.  7  (a), 
carried  by  the  upper  arm  of  a  casting  ^m,  that  is  in  contact 
with  one  of  the  projections  on  the  face  of  the  circular  disk  ^,,. 
The  casting  ^„  is  carried  by  a  long  levers,,,  Fijj.  7  f^),  that  is 
pivoted  at  ^,.  to  the  side  of  the  framework  of  the  headstock. 
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This  lever  carries  at  its  rear  and  front  ends  castings,  or 
inclines,  ^,„  ^„,  respectively.  These  inclines  come  in  contact 
with  the  faller  shafts,  the  rear  one  ^„  with  the  shaft  d^,  as 
the  carriage  runs  in,  and  the  front  one  with  the  shaft  </,,  as 
the  carriage  runs  out,  thus  depressing  first  one  end  of  the 
lever  <?„  and  then  the  other,  the  inclines  extending  upwards 
sufficiently  for  this  action  to  take  place.  Raising  the  rear 
end  of  the  long  lever  removes  the  projection  Cx,  from  con- 
tact with  <,4,  and  causes  it  to  assume  the  position  shown  in 
dotted  lines  in  Fig.  7  {c)\  this  allows  the  spiral  spring  ^r,.  to 
throw  in  the  cone  friction  and  cause  the  cam-shaft  to  turn 
the  long  sleeve  half  a  revolution,  when  the  projection  ^i., 
being  farther  from  the  center  of  the  disk  than  ^r^,  will  come 
in  contact  with  <?ir,  thus  thrpwing  out  the  cone  friction,  and 
stopping  the  long  sleeve,  since  the  short  sleeve  is  forced 
backwards  and  the  spring  compressed  by  the  inclined  por- 
tion of  ^,..  Depressing  the  rear  end  of  the  long  lever  throws 
the  projection  ^,,  out  of  contact  with  ^i.,  allowing  the  friction 
to  be  thrown  in  and  causing  the  long  sleeve  to  make  another 
half  revolution,  when  the  projection  ^^  will  come  in  contact 
with  ^,,,  thus  throwing  out  the  friction.  These  two  motions 
cause  the  long  sleeve  to  make  one  complete  revolution, 
which  takes  place  once  for  every  complete  cycle  of  the  mule. 
In  order  to  hold  the  long  lever  ^„  in  position  during  these 
changes,  its  front  end  is  formed  with  two  bevels,  as  shown 
in  Fig.  7  (^),  against  one  of  which  a  spring  d*„  continually 
forces  one  of  the  beveled  faces  of  a  locking  lever  ^„  pivoted 
at  e^i.  The  movement  of  the  long  lever  is  only  slight  and 
is  limited  by  a  stud  that  engages  a  slot  near  its  rear  end. 
When  the  front  end  of  the  long  lever  is  raised,  the  rear  end 
must  be  lowered  until  the  next  change  takes  place,  the  long 
lever,  in  the  meanwhile,  being  held  in  position  by  the  upper 
beveled  face  of  the  locking  lever  ^„  being  in  contact  with  the 
lower  beveled  face  of  the  long  lever,  and  vice  versa  when 
the  front  end  of  the  long  lever  is  depressed  and  the  rear 
end  raised.  The  long  lever  can  be  operated  by  hand  and 
the  long  sleeve  turned  by  the  handles  ^„,  Fig.  7  (rt),  thus 
reversing  the  parts  for  setting  or  adjusting.     Depressing  the 
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front  end  of  the  lever  by  hand  during  the  outward  run  of  the 
carriage  causes  the  carriage  to  stop  until  the  front  end  is 
raised  again. 

13.  The  cam  ^„,  Fig.  7  (a),  operates  the  front-roll 
clutch.  When  the  clutch  is  thrown  in,  the  rolls  revolve,  and 
when  the  clutch  is  out,  they  cease  revolving.  The  cam  ^^ 
operates  the  belt  shipper  so  that  the  belt  will  be  on  the 
required  pulley  at  the  proper  time.  The  cam  ^„  throws 
the  drawing-in  friction  in  or  out,  as  the  case  demands. 
The  operation  of  these  motions  will  be  explained  later. 
The  cams  ^„,  ^,«,  ^„  are  made  in  one  piece  with  the  long 
sleeve  ^i.,  so  that  their  respective  positions  cannot  be 
changed.  Fig.  7  (a)  shows  the  positions  of  the  cams  and 
their  adjacent  parts  just  as  the  carriage  is  ready  to  start 
on  its  outward  run.  

CREEL 

14,  The  creel  of  the  mule  serves  the  purpose  of  sup- 
porting the  back  roving,  or  stock,  that  is  to  be  fed  into  the 
mule.  An  elevation  of  the  creel,  partly  in  section,  is  shown 
at  d,  Fig.  3;  it  consists  of  the  necessary  number  of  uprights 
and  brackets  for  supporting  the  rails  3„  which,  in  turn,  sup- 
port the  bobbins  of  roving.  The  brackets  and  rails  can  be 
adjusted  for  different  lengths  of  bobbins.  Creels  are  of 
different  types  to  suit  the  purpose  for  which  the  mule  is 
intended  and  the  place  in  which  it  is  to  be  situated. 


ROLLS 

15.  The  rolls  r,  ^,  r.,  Figs.  3  and  8,  are  for  the  purpose 
of  drawing  the  roving  to  the  required  size,  and  are  usually 
of  the  construction  common  to  fly  frames  and  ring  spinning 
frames.  There  are  three  sets  of  these  rolls,  the  bottom  ones 
being  made  of  steel  and  finely  fluted,  while  the  top  ones  are 
generally  common  leather-covered  rolls,  except  in  some 
cases  for  spinning  very  fine  yarns,  when  the  front  one  is 
leather-covered  and  the  middle  and  back  ones  smooth  metal 
without  covering. 
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The  bottom  rolls  are  mounted  in  bearings  carried  by 
stands  similar  to  r„  which,  in  turn,  are  carried  by  the  roll 
beam  r*,  supported  by  stands  similar  to  ^„  Fig.  3.  The 
bearings  for  the  front  roll  are  stationary,  while  those  for  the 
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middle  and  back  rolls  are  adjustable,  in  order  that  the  rolls 

may  be  set  the  proper  distance  apart  for  the  staple  being  run. 

The.  top  rolls  are  held  in  position  by  a  series  of  cap  nebs, 

which  are  adjustable,  in  order  that  the  centers  of  the  top 
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rolls  may  occupy  the  proper  position  with  relation  to  the 
centers  of  the  bottom  rolls.  The  top  rolls  are  usually  long 
enough  for  4  ends  of  yarn,  that  is,  2  ends  to  a  boss,  although  ^^^^ 
sometimes  they  are  constructed  with  either  2  or  6  ends  to  ^i^o 
the  roll;  the  lengths  of  the  bosses  vary  according  to  the  ^^  ^ 
number  of  ends  to  the  roll,  and  the  counts  being  spun.  Top  «-«i^ 
rolls  are  usually  weighted  by  means  of  the  saddle-bridle-and-  —  *" 
lever  system  when  common  rolls  are  used,  except  where  ^^c 
smooth  metal  rolls  are  used  at  the  middle  and  back,  in  which  ^^ 
cases  these  rolls  are  self-weighting,  while  the  front  roll  is  ^^ 
weighted  by  the  dead-weighting  system. 

Referring  to  Fig.  8,  a  short  saddle  r.  rests  on  the  middle  ^^ 
and  back  rolls,  while  a  long  saddle  c,  rests  on  the  front  roll  ^  ' 
and  the  raised  portion  of  the  back  saddle  f..  Attached  to  ^^ 
the  saddle  c,  is  a  jointed  connecting-rod  that  passes  between  ^^ 

the  first  and  second  rolls,  through  a  hole  in  the  roll  beam,  «> 

and  also  through  an  opening  in  the  lever  <:«,  and  carries  at  its  ^ 

lower  end  a  nut  <:„  thereby  forming  a  connection  between  ^ 

tlie  lever  and  itself.     The  lever  is  fulcrumed  at  one  end  on  -• 

the  roll  beam  at  r,o,  while  the  other  end  carries  a  weight  r«j  -■ 

that  can  be  moved  along  the  lever  in  order  to   give  the  - 

amount  of  weighting  required. 

When  the  middle  and  back  rolls  are  self-weighting,  that  is, 
when  the  rolls  themselves  are  of  sufficient  size  to  give  the 
required  amount  of  pressure,  the  front  rolls  are  usually 
weighted  by  the  dead-weighting  system.  Hooks  fit  on  the 
centers  of  the  rolls  and  extend  downwards,  being  attached 
to  the  upper  ends  of  rods  that  pass  through  holes  in  the  roll 
beam  and  carry  weights  at  their  lower  ends.  There  is  one 
hook,  one  connecting-rod,  and  one  weight  to  each  front  roll, 

16.  The  method  of  keeping  the  rolls  free  from  lint,  dirt, 
etc.  varies,  but  the  one  illustrated  in  Figs.  8  and  9  is  the  one 
generally  adopted.  The  olearors  for  the  lower  front  roll 
are  round,  wooden  rolls  covered  with  cloth  and  supported  at 
the  ends  by  springs  or  weighted  levers  that  keep  them 
pressed  against  the  under  side  of  the  roll;  a  section  through 
one    of    these    clearers    is   shown  at  r,„    Fig.   8.     The  top 
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clearers  ^„  are  large  cylindrical  rolls  covered  with  flannel, 
and  rest  on  the  upper  surfaces  of  the  front  and  second  rolls. 
Each  clearer  has  two  bosses  and  there  are  as  many  clearers 
as  top  rolls  in  one  line.  The  front  saddles  have  upright 
arms  that  serve  as  guides  for  the  clearers,  which  are  self- 
weighting,  the  necessary  weight  being  given  to  them  by 
loading  their  centers  with  small  bar  iron. 

17.     The  traverse  motion  for  guiding  the  roving  back 
and  forth  along  the  bosses  of  the  rolls  is  somewhat  differ- 


Pio.  9 

ent  from  those  generally  used  on  cotton-yarn-preparation 
machinery.  The  guides  in  this  case  are  made  of  sheet  tin, 
with  the  edges  turned  over  so  as  to  be  rounded  where  the 
roving  comes  in  contact  with  the  guide.  There  is  one  small 
sheet  for  each  set  of  top  rolls,  with  four  slots  in  each  sheet 
for  the  roving  to  pass  through,  since  there  are  four  ends 
of  yarn  to  each  set  of  top  rolls.  These  sheets  of  tin 
are  supported  by  a  rectangular  traverse  bar  running  the  full 
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length  of  the  rolls.  This  bar  is  operated  from,  the  lower 
drawing  roll  ^„  Fig.  9,  which  carries  a  single-threaded 
worm  ^14  driving  a  worm-gear  ^„  that  is  compounded  with  a 
cam  Cx^.  The  cam  rotating  and  being  in  contact  with  the 
horizontal  arm  of  the  lever  f„  causes  it  to  swing  on  its 
center  ^t..  The  traverse  bar  carries  a  bracket  Cx.  that  pro- 
jects downwards  and  is  connected*  to  the  perpendicular  arm 
of  the  lever  ^„  by  means  of  a  connecting  arm  ^,«.  A  spiral 
spring  r,x  is  attached  at  one  end  to  the  framework,  while  the 
other  end  is  attached  to  the  bracket  f i.;  this  spring  tends  to 
draw  the  traverse  bar  toward  the  framework  and  thus  keep 
the  end  of  the  horizontal  arm  of  the  lever  Cxi  pressed  against 
the  surface  of  the  cam.  As  the  cam  revolves,  it  gradually 
depresses  the  end  of  the  horizontal  arm,  which  causes  the 
perpendicular  arm  to  swing  to  the  right,  and  then  gradually 
allows  it  to  rise,  which  causes  the  perpendicular  arm  to 
swing  to  the  left,  thereby  imparting  a  reciprocating  motion 
to  the  traverse  bar  and  guides. 

18.  The  driving  of  the  rolls  is  accomplished  by  the  rim 
shaft  ttxy  shown  in  plan  in  Fig.  6  and  in  elevation  in  Fig.  10. 
This  shaft  carries  a  22-tooth  spur  gear  f„  driving  a  66-tooth 
change  gear  r„.  Compounded  with  the  gear  ^„  is  a  60-tooth 
gear  ^.4  driving  a  60-tooth  gear  r„  that  is  compounded  with 
a  24-tooth  bevel  gear  r.4.  This  bevel  gear  drives  a  bevel 
gear  r„  of  48  teeth  that  is  fast  on  the  sleeve  r„  on  the  front- 
roll  shaft.  The  hub  of  the  gear  f„  forms  one-half,  f,„  of  a 
toothed  clutch,  the  other  half  of  which,  r,o,  is  free  to  slide  on 
the  front-roll  shaft  for  a  given  distance,  so  that  it  can  be 
thrown  in  or  out  of  contact  with  r„.  In  Fig.  6,  part  of  the 
gearing  is  moved  slightly  out  of  its  correct  position  in  9rder 
that  it  may  be  shown  more  clearly;  Fig,  10,  however,  shows 
the  correct  position.  The  bevel  gear  r„  and  the  parts  r«,,r., 
of  the  clutch  are  also  shown  in  perspective  in  Fig.  7  (a). 
The  hub  of  the  part  r,o  of  the  clutch  is  hollow,  and  is  pre- 
vented from  turning  on  the  front-roll  shaft  by  means  of  two 
lugs  on  the  inside  that  engage  with  slots  in  the  arms  of  a 
dog  that  is  keyed  to  the  shaft.     Thus  ^30,   although  free  to 
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slide  on  the  shaft,  cannot  revolve  without  imparting:  motion 
to  the  latter,  and  consequently,  when  in  contact  with  r,., 
which  is  driven  'from  the  rim  shaft,  it  causes  the  front-roll 
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shaft  to  revolve.     The  front  roll  drives  the  back  roll  and 
the  back  roll  drives  the  middle  roll  in  the  usual  manner. 
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CARRIAGE 

19.  The  carrlagre  d.  Fig.  3,  is  that  portion  of  the  mu^^^ 
that  travels  back  and  forth  during  the  operations  of  spinnin         S 
and  winding.     Its  object  is  to  keep  the  yarn  under  tensionr    3^» 
usually  just  enough  to  prevent  the  ends  becoming  slacl^aB=k» 
and  to  carry  the  necessary  parts  to  assist  in  these  operation^^^s. 
It  carries  the  tin  cylinder,  or  drum,  for  imparting  motion  t(^  — <^ 
the  spindles;  the  spindles  for  twisting  and  winding  the  yam.^^~^I 
the  fallers  for  guiding  the  yam  on  to  the  spindles;  and  th^  ^® 
necessary  parts  for  putting,  or  assisting  in  putting,  various   ^^ 
motions  in  or  out  of  operation.     The  general  appearance  oc  ^^^ 
the  body  of  the  carriage  is  that'of  a  long,  five-sided,  woodeir"^  ^ 
box  with  certain  attachments,   although  it   might  be  con —  ^^' 
sidered,  in  a  general  way,  as  being  rectangular,  the  whole 
being  mounted  on  wheels,  similar  to  ^A„  working  on  carriage 
slides,  or  tracks,  similar  to  ci^^.     At  intervals  throughout  the 
length  of  the  carriage   are  castings,  similar  to  ^i*,  to  the^ 
central  part  of  which  the  body  of  the  carriage  is  directly" 
attached,  while  the  ends  of  these  castings  extend  outwards 
and  terminate  in  bearings  for  the  wheels  e/„.     The  number 
of  glides,  wheels,  etc.  depends  on  the  length  of  the  mule, 
there  being  enough  to  properly  support  the  body  of  the 
carriage.     The  body  is  built  with  the  necessary  braces,  etc., 
so  as  to  be  practically  rigid  in  itself;   the  central  part  and 
ends  are  cast  iron. 

The  front  of  the  carriage  is  made  in  three  principal  sec- 
tions— the  lower  and  upper  casings  and  the  doors  ^,,.  These 
doors  are  to  facilitate  the  banding  of  the  spindles' and  the 
oiling  of  their  footsteps,  and  are  made  in  short  lengths,  as 
shown  in  Fig.  1.  Attached  to  the  upper  part  of  the  carriage 
and  lower  casing  are  brackets,  similar  to  ^,„  that  extend 
upwards  to  form  bearings,  or  supports,  for  the  faller 
shafts  fl^„  df, 

20,  The  cylinder  runs  the  full  length  of  each  section 

of  the  carriage,  being  made  in  sections   and  mounted  on  a 
shaft  dt  known  as  the  cylinder  shaft,  which  is  supported  at 
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^^lar  intervals  by  bearings,  or  brackets.  The  cylinder  is 
usually  about  6  inches  in  diameter,  is  made  from  heavy 
sheet  tin,  and  carries  bands  passing  around  the  spindle 
aborts*  thus  driving  the  spindles. 

21*    Construction    of     Spindles    and     Method     of 
ppivlngr* — The  spindles  are  long,  slender,  steel  shafts, 
one  of  which  is  shown  at  ^i,  Figs.  3  and  11,  carrying 
a  whorl  ^„.     The  lower  portion  of  the  spindle  is 
tapered  so  as  to  offer  but  very  little  resistance  to  its 
rotation,  while  the  upper  portion  tapers,  gradually, 
from  about  A  inch,  a  little  more  than  midway  up  the 
spindle,  to  about  i  inch  near  the  end,  the  extreme 
end  being  rounded  conically  so  as  to  offer  very  little 
resistance  to  the  yam  in  slipping  off  the  point  while 
twisting.    The  lower  parts  of   the  spindles  rest  in 
footsteps  carried  by  the  step  rail  ^,.,  Fig.  3,  while 
they  are  held  in  an  upright  position  by  means  of 
bolsters  carried  by  the  bolster  rail  ^„.     The  bolsters 
are  a  little  more  than  midway  up  the  spindles,  the 
taper  of  the  upper  portion  of  the  spindles  commen- 
cing at  the  top  of  the  bolsters. 

The  spindles  are  not  vertical,  the  upper  ends  being 
inclined  slightly  toward  the  rolls,  producing  what 
is   generally  called   the  devel  of  the  spindles.     The 
amount  of  inclination  depends  on  the  counts  of  the 
yarn  being  spun,  fine  yams  requiring  more  inclina- 
tion than  coarse  ones,  as  the  yarn  is  weaker.     The 
inclination  of  the  spindles  from  a  perpendicular  line  d^i 
erected  at  the  base  of  the  spindles  is  about  4  inches 
for  a  16-inch  spindle  when  spinning  medium  counts,  ^'®- " 
say  20s  to  40s  filling.     The  inclination  for  spindles  of  other 
leng'ths  runs  in  about  the  same  proportion  for  similar  counts; 
that  is>  about  i  inch  for  every  inch  in  the  length  of  the  spindle. 

22*     The  graugre,  or  the  distance  between  the  center  of 

one  spindle  and  the  center  of  the  next,  varies  according  to 

(Ae  class  of  work  for  which  the  mule  is  intended.     Coarse 

yara    is    greater  in  diameter  than   fine   yam;  therefore,  in 
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order  that  a  reasonable  amount  may  be  formed  into  a  cop,  a 
greater  gauge  is  required,  since  the  cops  are  larger  than 
those  for  fine  yarn.  Mules  intended  for  spinning  warp  yam 
have  a  greater  gauge  than  those  intended  for  spinning 
filling  yarn  of  practically  the  same  counts,  as  there  is  a  limit 
to  the  size  of  the  cop  that  can  be  placed  in  the  shuttle  of  the 
loom,  while  there  is  practically  no  limit  to  the  size  of  cops  of 
warp  yarn,  except  that  consistent  with  proper  formation  and 
handling.  The  greater  the  gauge,  the  larger  is  the  cop  that 
can  be  formed. 

Mules  are  made  of  almost  any  reasonable  gauge,  but 
the  standard  maximum  gauge  for  general  work  is  about 
2  inches,  and  the  minimum  li  inches;  of  course,  waste  spin- 
ning, etc.  requires  a  greater  gauge.  The  number  of  spin- 
dles is  a  variable  factor  and  depends  on  the  class  of  yarns 
to  be  spun,  the  gauge  required,  the  size  of  the  room,  the 
arrangement  of  the  mules,  etc.  About  the  greatest  number 
of  spindles  to  one  mule  is  1,600,  li-inch  gauge,  and  the 
smallest  about  300,  any  required  gauge. 

23.  The  spindles  are  driven  from  the  rim  shaft  during 
spinning  and  backing  off,  but  from  a  different  source  during 
winding.  The  rim-shaft  method  of  driving  is  shown  in 
Fig.  12,  while  the  other  method  will  be  explained  under 
winding.  Referring  to  Fig.  12,  the  rim  shaft  a^  carries  the  rim 
pulley  «i«,  which  is  a  double-grooved  sheave  pulley  driving, 
by  means  of  the  rim  band  a:,,,  the  cylinder  </,.  The  band 
passes  down  from  the  rim  pulley,  around  the  guide  pulley  a^^ 
supported  by  the  headstock,  forwards  around  another  guide 
pulley  fl^.o,  and  thence  around  the  pulley  d^^  on  the  tin  cylin- 
der shaft.  The  guide  pulley  d^^  is  supported  from  the  car- 
riage square.  From  the  pulley  on  the  cylinder  shaft  the 
band  passes  to  the  front  of  the  headstock  and  around  the 
guide  and  tension  pulley  a^^,  thence  backwards  and  around 
the  guide  pulley  rt-,,,  and  upwards  to  the  rim  pulley.  The 
guide  pulley  a,*  can  be  moved  forwards  or  backwards  by  the 
handwheel  and  screw,  in  order  that  the  proper  tension  may 
be  put  on  the  rim  band  ^n. 
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24.     The  cBrriaice  square  is  that  portion  of  the  carriage 

that  Hes  directly  within  the  headstock,  and  serves  to  carry 
part  of  the  mechanism  for  driving:  the  spindles  during  the 
various  periods  in  the  action  of  the  mule,  locking  devices,  etc*, 
and  to  connect  the  two  sections  of  the  body  of  the  carriage 
that  are  on  either  side  of  the  headstock,  A  top-plan  view 
of  the  square,  without  the  various  mechanical  devices  for 
operatiuif  the  parts  mentioned,  is  shown  at  d,^.  Fig.  13,  It 
has  the  necessary  cross-pieces  and  arms  so  as  to  be  perfectly 
rigid  and  to  firmly  connect  the  two  sections  of  the  carriage- 

25-     The  fellers  r/a,  ^*,  Figs.  3  and  12.  are  to  keep  the 

yarn  under  tension  during  winding  and  to  guide  it  on  to  the 
spindles,  in  order  to  form  cops  of  the  required  formation  to 
stand  handling,  etc*  The  position  of  the  winding  faller, 
which  guides  the  yarn  on  to  the  spindles,  is  controlled  by  a 
small  roll  operating  on.  an  inclined Taih  It  consists  of  a 
steel  shaft  */.  about  if  inches  in  diameter^  carrying  at  regu- 
lar intervals  sickles,  or  curved  metal  arms,  similar  to  d^\ 
these  arms  support  at  their  outer  ends  a  wire  ^,*  that  comes 
in  contact  with  the  threads,  and  guides  them  on  to  the 
spindles.  The  counter  faller,  which  keeps  the  yarn  under 
tension,  so  that  it  will  not  kink  and  snarl,  during  backing  off, 
winding,  and  reengaging,  is  of  similar  construction,  except 
that  the  shaft  </,  is  only  about  1  inch  in  diameter.  This  shaft 
carries  arms  similar  to  d^,  which  support  the  wire  ^i,.  Both 
the  winding-  and  counter-faller  shafts  oscillate  in  bearings  car- 
ried by  brackets,  similar  to  r/,,,  that  are  attached  to  the  front 
of  the  carriage  at  regular  intervals.  Figs,  3  and  12  show  the 
fallers  in  the  positions  that  they  occupy  during  spinning; 
when  winding,  their  relative  positions  are  just  reversed;  that  is, 
the  winding  faller  is  depressed^  and  the  counter  faller  raised, 

26*  Driving  of  the  Garrlagre-^ — The  driving,  or  draw- 
ing out  and  in,  of  the  carriage  d,  is  accomplished  principally 
by  bands  and  scrolls.  It  is  operated  from  two  sources— the 
back  shaft  and  the  scroll  shaft.  The  back  shaft  /,  Figs.  6 
and  10,  is  driven  from  the  front  roll  i:  by  a  train  of  gears  as 
follows:     The  front  roll  carries  a  spur  gear  /i  of  47  teeth 
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driving:  the  gear  /,  of  93  teeth  through  a  carrier  gear  /,. 
Compounded  with  the  gear  /,  is  the  25-tooth  gear  /«,  which, 
in  turn,  drives  the  72-tooth  gear  /,  on  the  back  shaft  /.  The 
gear  /,  and  one-half,  /„  of  a  toothed  clutch  with  which  it  is 
compounded  are  both  loose  on  the  back  shaft.  The  other 
half,  A,  of  the  clutch  is  keyed  to  the  shaft,  and  consequently, 
when  it  revolves  the  shaft  must  revolve;  this  part  of  the 
clutch  is  free  to  move  laterally,  however,  so  that  it  may  be 
thrown  in  contact  with  /„  thereby  causing  the  back  shaft  to 
revolve  when  the  carriage  is  running  out.  When  the  carriage 
is  running  in,  the  two  parts  of  the  clutch  are  out  of  contact. 
The  back  shaft  extends  the  entire  length  of  the  mule  and 
carries  six  scrolls,  or  drums,  with  grooves  cut  spirally  in 
their  surfaces,  as  shown  in  Fig.  13.  All  the  scrolls  on  this 
shaft  are  alike  except  /.,  which  is  connected  to  the  scroll  gx 
on  the  scroll  shaft  ^  by  a  band  ^„  known  as  the  steadying 
band.  This  connection  serves'jo^  i5tead[yT;the  'scroll  shaft  and 
the  back  shaft  during  the  outwfti^J^i^  i^vrsucd' runs  of  the 
carriage.  The  effective  diameter  of  the  scroll  /,  is  the  same 
throughout;  it  is  connected  to  the Jbacl^,shjift  by  a  pawl  and 
a  ratchet  gear  /,  and,  consequently-,  revolves  with  the  shaft. 
This  also  provides  a  place  of  adjustriient  so  that  the  tension 
of  the  band  g^  may  be  regulated. 

27.  The  scrolls  /,«,  /n,  Z..,  known  as  the  draTvin^-out 
scrolls,  are  of  a  uniform  diameter  except  near  the  ends, 
where  the  last  spiral  gradually  decreases  in  diameter,  so  that 
the  speed  of  the  carriage  will  be  reduced  as  it  completes  its 
outward  run,  thus  preventing  the  carriage  banging  out  and 
avoiding  straining  it  and  throwing  it  out  of  true.  These 
scrolls  are  connected  directly  to  the  carriage  by  means  of 
bands,  there  being  two  bands  to  each  scroll,  as  each  scroll 
is  actually  a  double  one.  The  banding  between  the  end 
scrolls  /i,  and  the  carriage,  and  the  banding  between  the 
center  scroll  /„  and  the  carriage  is  similar. 

Fig.  14  is  an  end  elevation  giving  a  side  view  of  the  band- 
ing connections  between  the  end  of  the  carriage  d  and  the 
scroll  /„  on  the  back  shaft.     Referring  to  Figs.  13  and  14,  a 
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band  /,„  attached  at  one  end  to  the  center  of  the  scroll  /,„ 
winds  over  and  around  the  scroll  a  number  of  times,  and  then 
passes  forwards  and  around  a  guide  pulley  Z,*,  thence  back- 
wards and  around  a  stud  ^„  attached  to  the  end  of  the  car- 
riage, and  downwards  to  the  hub  of  the  ratchet  gear  o^,,. 
Fig.  14,  to  which  the  other  end  is  attached.  A  band  /i„ 
Figs.  13  and  14,  is  attached  at  one  end  to  the  small  end  of 
the  other  section  of  the  scroll  /,o,  winds  under  and  around 
the  scroll,  then  passes  forwards  to  a  stud  o^,*  on  the  carnage 
end,  and  thence  downwards  to  the  hub  of  a  ratchet  gear  ^,„ 
Fig.  14,  to  which  the  other  end  is  attached.  The  ratchet-gear 
arrangement  is  only  a  device  for  taking  up  any  reasonable 
amount  of  slack  that  may  be  caused  in  the  bands  during  the 
operation  of  the  mule.  When  the  carriage  runs  out,  the  band  /„ 
winds  up  on  the  scroll  and  the  band  A,  unwinds,  and  vice  versa. 
The  scrolls  /„,  Figs.  13  and  15,  are  connected  to  the  car- 
riage in  a  somewhat  similar  manner,  and  each  is  situated  about 
midway  between  the  end  of  the  carriage  and  the  headstock. 
The  band  A.  is  attached  at  one  end  to  the  center  of  the  scroll  /, , , 
passes  under  and  around  the  scroll  a  few  turns,  then  down 
and  backwards  around  a  guide  pulley  /»,,  thence  down  around 
a  guide  pulley  near  the  floor,  and  forwards  around  a  guide 
pulley  /,.  supported  by  a  bracket  attached  to  the  floor  at  the 
front  of  the  machine;  it  then  passes  backwards  around  a  guide 
pulley  /,.,  thence  forwards  again  to  the  upper  barrel  of  the 
ratchet  arrangement  /,.,  to  which  the  other  end  is  attached. 
The  guide  pulley  /,.  is  supported  from  the  under  part  of  the 
carriage.  The  other  band  /„  is  attached  at  one  end  to  the 
small  end  of  the  other  section  of  the  scroll,  passes  over  and 
around  the  scroll  for  a  few  turns,  thence  down  and  backwards 
around  a  guide  pulley  /„,  down  around  a  guide  pulley  /„, 
and  then  forwards  to  the  lower  barrel  of  the  ratchet  arrange- 
ment to  which  the  other  end  is  attached.  The  ratchet 
arrangement  for  tightening  the  bands  is  attached  to  the  front 
of  the  carriage  and  consists  of  a  bracket  carrying  the  two  bar- 
rels to  which  the  banos  are  attached,  two  ratchet  gears,  and 
two  pawls.  When  the  carriage  runs  out,  the  band  /;.  winds 
up  on  the  scroll  and  the  band  /„  unwinds,  and  vice  versa. 
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28,     During  the  inward  mn  the  carriage  is  driven  from ' 
the  scroll  shafts,  Figf,  13,  which  carries,  in  addition  to^,,  the 

scrolls  ^.t  ^t ,  ^„  of.  which 
^»,^.  are  the  dpawing^- 
In  scrolls.  Attached  at 
one  end  to  the  scroll 
^5  IS  the  dra^rlnj^^iti 
band  ^„  which  passes, 
around  the  scroll  for 
few  ttirns,  then  forwards' 
and  around  the  curved 
arm  of  ^ft,  thence  back* 
wards  and  around  the 
scroll  ^*,  to  which  the 
other  end  of  the  band  is 
attached*  The  scrolls 
on  the  scroll  shaft  grad- 
ually increase  in  diatn* 
eter  until  they  have  at- 
tained the  required  size, 
when  they  gradually  fl 
decrease.  This  allows  i 
the  carriage  to  start  in 
slowly,  gradually  in- 
crease  in  speed  until 
about  the  middle  of  the 
inward  run,  and  then 
gradually  decrease  in 
speed  as  it  nears  the 
rolls,  thus  preventing 
the  carriage  from  bang- 
ing in  and  avoiding 
strainings  throwing  the 
carriage  out  of  true, 
breaking  the  ends»  kink- 
ing the  ends,  etc.  fl 
is  known  as  the  cliecklng 
carriage  by  a  band  ^,  called 


29,    The  scroll  .^,.  Fig.  13, 
scroll  and  is  connected  to  the 
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the  checking:  band.  This  scroll  is  similar  in  construction 
to  the  other  scrolls  on  the  scroll  shaft,  but  is  located  a  little 
differently  on  the  shaft,  in  that  it  is  turned  farther  around. 
The  band  g%  is  attached  at  one  end  to  the  inner  end  of  the 
checking  scroll,  that  is,  the  end  nearest  the  drawing-in 
scroll  g^.  It  passes  over  and  around  the  scroll,  then  for- 
wards to  the  front  of  the  machine,  where  it  passes  aroimd  a 
gfuide  pulley  g.,  and  then  backwards  to  the  front  of  the  car- 
riage, the  other  end  being  attached  to  the  carriage  square  ^„. 
The  checking  band  serves  to  steady  the  carriage  during  its 
inward  run  and  prevents  it  from  overrunning  and  banging  in. 
When  the  carriage  is  at  the  beam  the  checking  scroll  is  almost 
empty,  and  when  the  carriage  is  out  its  full  stretch,  the  scroll 
is  full.  The  guide  pulley^,  can  be  adjusted  by  a  hand  wheel 
at  the  front  so  as  to  give  the  proper  tension  to  the  checking 
band. 

30.     The  sqnarlngr  bands  are  for  the  purpose  of  keeping 
the  carriage  in  proper  line,  so  that  the  spindles  will  be  equi- 
distant from  the  rolls,  and  to  prevent  the   carriage   from 
being  strained  or  thrown  out  of  true.    It  is  necessary  to  have 
the  spindles  equidistant  from  the  rolls,  so  that  the  yam  will 
not  be  strained  and  broken,  and  to  allow  it  to  be  wound  on 
the  spindles  in  proper  and  regular  form.    Both  sections  of  the 
carriage  are  banded  alike,  the  band^xo,  Fig.  13,  being  attached 
at  one  end  to  the  barrel  of  a  ratchet  gear  gxx  that  is  sup- 
ported by  a  bracket  attached  to  the  base  of  the  frgtmework 
at  the  front  of  the  headstock.     The  band  passes  backwards 
airound   the  pulley  ^,„  thence  diagonally  across  the  under 
part  of  the  carriage,  around  the  pulley  ^x.,  and  backwards  to 
^he  stud^x.,  to  which  the  other  end  of  the  band  is  attached. 
The  stud  is  supported  near  the  floor  by  the  end  framework 
of  the  mule.     The  other  band  gx^  is  attached  at  one  end  to 
a  ratchet  arrangement  ^„  carried  by  the  front  part  of  the 
«nd  framework.     The  band  passes  backwards  around  the 
pulley  gx%y  thence  diagonally  across  the  under  side  of  the  car- 
riage, to  and  around  the  pulley  ^,„  and  backwards  to  ,j?-,„ 
to  which  the  other  end  of  the  band  is  attached.     For  the 
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right-hand  section  of  the  carriage,  gi,  is  a  bracket  attached 
to  the  base  of  the  framework  near  the  scroll  shaft,  while  for 
the  left-hand  side,  ^,,  is  an  arm  projecting  outwards,  near 
the  floor,  from  the  framework  of  the  headstock.  All  other 
connections  are  alike  for  both  sections  of  the  carriage.  As 
a  result  of  this  arrangement,  whenever  the  carriage  moves 
out  or  in,  all  parts  of  it  are  caused  to  move  in  unison,  thus 
preventing  the  carriage  from  being  thrown  out  of  true,  and 
maintaining  the  alinement  of  the  spindles. 

31.  Stops,  known  as  the  front  and  back  stops^  respect- 
ively, are  provided  to  prevent  the  carriage  running  out  or 
in  too  far.  The  front  stops  are  simply  checks,  or  bumpers, 
with  which  the  lower  front  part  of  ^  the  carriage  comes  in 
contact  when  it  has  completed  its  outward  run.  When  the 
carriage  completes  its  iqward  run,  the  lower  back  portion 
comes  in  contact  with  stops  similar  to  thefront  ones.  These 
stops  are  located  at  intervals  throughout  the  length  of  the 
carriage,  and  are  alined  so  that  when  the! carriage  comes 
in  contact  with  them  it  will  not"  be  thrown  out  of  aline- 
ment, but  will  be  parallel  with  the  rolls. 

32.  The  belt-shipping  mechanism  is  for  the  purpose 
of  automatically  shipping  the  main  driving  belt  of  the 
machine  from  the  tight  to  the  loose  pulley,  or  vice  versa, 
during  certain  periods  in  the  action  of  the  mule.  Fig.  16  {a) 
is  a  sectional  elevation  at  the  headstock,  where  this  mecha- 
nism is  situated,  with  all  mechanisms,  etc.  not  directly  con- 
nected omitted.  This  figure,  together  with  Fig.  7  (a),  shows 
the  driving  belt  rtr,  on  the  tight  pulley  a,,  which  is  the  position 
of  the  belt  during  the  outward  run  of  the  carriage,  or  tech- 
nically speaking,  during  draxvmg  and  twisting.  The  belt  is 
moved  from  the  tight  pulleys,  to  the  loose  pulley  a„  or  from 
the  loose  to  the  tight  pulley,  by  a  partial  turning,  or  oscilla- 
tion, of  the  shaft  //,  which  carries  near  one  end  a  bracket  //,, 
Fig.  7  (^),  to  which  the  belt-shipper  rod  //,  is  attached.  The 
belt-shipper  rod  carries  the  belt  shipper  h^  through  which  the 
belt  a^  passes.  The  shaft  //  is  only  a  short  one;  it  extends 
across  the  headstock  and  carries  at  the  other  end  a  lever  h^ 
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Fig.  16  (a),  that  is  keyed  to  the  shaft.  The  levers  //„  ^, 
are  fastened  together,  but  are  free  to  swing  on  the  shaft  A  as 
a  center.  The  piece  kf  is  only  an  extension  arm  of  the  lever  ^.. 
The  lever  //,  is  held  against  the  face  of  the  cam  e,^  by 
means  of  the  spring  //„  which  is  attached  at  one  end  to  the 
rear  end  of  the  arm  //,  and  at  the  other  end  to  a  projection 
on  the  framework.  Consequently,  when  the  cam  revolves, 
it  causes  the  lever  ^,  to  swing  on  the  shaft  A  as  a  center; 
and  for  every  revolution  of  the  cam,  the  lower  end  of  the 
lever  is  forced  toward  the  front  of  the  machine  and  then 
allowed  to  recede  because  of  the  oblique  face  of  the  cam. 
This  movement  of  the  lever  ^,  causes  the  upper  end  of  the 
lever  ^,  to  move  in  the  opposite  direction;  that  is,  when  the 
lower  end  of  //,  is  in  its  extreme  forward  position,  the  upper 
end  of  the  lever  A.  is  in  its  extreme  backward  position. 

The  lever  ^,  has  a  horizontal  arm  //,  extending  backwards, 
to  which  one  end  of  a  spring  A,o  is  attached;  the  other  end 
of  the  spring  is  attached  to  the  vpper  end  of  the  lever  A^. 
The  lower  end  of  this  lever  carftes/ an  adjusting  screw  ^,x. 
the  head  of  which  comes  ifl  *cont^ct 'with,  the  framework 
when  moved  to  the  rear.  This  adjusting  sdrew  governs  the 
throw  of  the  shaft  A  so  that-  th^'belt  Vill  occupy  its  proper 
position  on  the  loose  pulley.  A  short  arm  ^,,  connects  the 
upper  end  of  the  lever  ^«  with  the  rear  end  of  a  rod  ^i,  that 
extends  along  the  outside  of  the  framework  of  the  headstock 
to  a  position  near  the  front.  The  forward  end  of  the  rod  is 
attached  to  the  inclined  lever  ^x.  at  Aj,  through  a  connecting 
link  A,4. 

The  inclined  lever  A„  is  pivoted  at  h^r  to  an  arm  of  a 
casting  //,.  attached  to  the  framework  of  the  headstock. 
Depressing  this  inclined  lever  draws  the  rod  ^i,  forwards. 
Consequently  lowering  the  upper  end  of  the  lever  A^  and 
raising  the  lower  end  until  the  head  of  the  adjusting  screw  //,, 
Comes  in  contact  with  the  framework.  Lowering  the  upper 
end  of  the  lever  ^«  causes  the  shaft  //  to  turn  in  such  a  direc- 
tion that  the  belt  shipper  is  moved  toward  the  front  of  the 
rnachine,  consequently  shipping  the  belt  from  the  tight 
pulley  to  the  loose  one.     The  inclined  lever  ^„  is  depressed, 
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as  the  carriage  nears  the  end  of  its  outward  run,  by  a  stud  fk  «- 
carried  by  a  bracket,  or  slide,  ^,.  supported  by  the  carriag^^^ 
This  stud  comes  in  contact  with  the  upper  side  of  the  incline^==  * 
lever  and  gradually  depresses  it,  thus  shipping  the  belt  fror 
the  tight  to  the  loose  pulley.  The  stud  can  be  moved  alon 
the  slide  ^to»  and  thus  be  set  so  that  it  will  be  in  a  positio 
where  it  can  depress  the  inclined  lever  at  the  proper  time  fc 
shipping  the  belt  a., 

33.     Fig.  16  {b)  is  a  perspective  view  of  the  front  poi 
tion  of  the  belt-shipping  mechanism.     The  upper  portion 
the  bracket  ^,o  contains  a  number  of  holes,  into  which  fits 
pin  carried  by  the  stud  ^,..     The  holes  are  for  adjustment 
and   to   allow   the   stud  to  occupy   different  positions.     I: 
receding  from  the  rolls,  the  carriage  acquires  considerabl< 
momentum  before  it  reaches  the  end  of  its  outward  rung=r 
and  it  is  advisable  to  reduce  this,  as  well  as  the  speed  of  th( 
spindles,  as  much  as  possible,  so  that  backing  off  can  tak( 
place   almost  instantly,  and  also  to   prevent    straining   tb 
carriage    and   other  parts.     In    order  that  this  momentum- 
may   be    reduced    as   much    as    possible,   the  belt-shippings 
mechanism  under  consideration  has  been  adopted  so  that^ 
the  driving  belt  can  be  moved  from  the  tight  to  the  loose 
pulley  a  little  before  the  carriage  has  completed  its  outward 
run,  allowing  its  momentum  to  complete  this  motion.     The 
belt  should  remain  on  the  driving  pulley  for  a  greater  length 
of  time  when  running  at  a  low  speed  and  when  the  mule 
runs  hard,   than  when  running  at  a  high  speed  and  when 
the   mule    runs    easily.     The    adjustable-stud   arrangement 
facilitates  the  regulation  of  the  time  of  shipping  the  belt  to 
the  loose  pulley,  as  it  depresses  the  inclined  lever  sooner  or 
later,  as  required. 

Fig.  16  (r)  shows  the  positions  of  the  rear  parts  of  the 
belt-shipping  mechanism  when  the  carriage  has  completed 
its  outward  run  and  the  sleeve  ^^,0  is  about  to  turn,  while 
Fig.  16  (d)  shows  the  same  parts  in  their  respective  posi- 
tions after  the  sleeve  has  turned.  When  the  carriage  is 
running  out,  the  upper  portion  of  the  lever  A,  is  in  contact 
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w-ith  the  projection  A,„  which  is  a  part  of  the  lever  h^. 
These  two  levers  are  thrown  out  of  contact  when  the 
iriclined  lever  A,„  Fig.  16  (a)  and  (d),  is  depressed  by  the 
stiaci  carried  by  the  carriage,  but  they  come  in  contact  again 
vvhi.^n  the  sleeve  ^,o  turns  at  the  completion  of  the  outward 
r\a.T^  of  the  carriage.  The  carriage  having  completed  its 
in^w^ard  run,  the  sleeve  turns  again,  moving  the  upper  end 
o£  the  lever  A,  backwards,  which  draws  with  it  the  upper 
enc3.  of  the  lever  A*,  causing  the  shaft  A  to  turn  and  thus  ship 
th^  belt  from  the  loose  to  the  tight  pulley  for  the  outward 
nara   of  the  carriage. 

rrhe  objects  of  having  this  mechanism  constructed  in  this 

m£i.Tiner,  that  is,  motion  imparted  to  h^  through  the  lever  h, 

a.nd  spring  A,o,  are  to  provide  a  safety  device  to  prevent 

tla^     backing-off   cone  friction  being  thrown  in  before  the 

reqxiired  time,  as  will  be  explained  later;  also,  to  allow  the 

l>elt;  to  be  shipped  from  the  tight  to  the  loose  pulley  before 

tlie    carriage  has  completed  its  outward  run,  without  inter- 

iering  with  the  operation  of  the  mule. 

34.    A  simple  locking  device  is  applied,   whereby   the 

inclined  lever  Ax,  can  be  depressed  and  held  in  this  position, 

causing  all  parts  of  the   machine   to   stop   as   the   belt   is 

shipped  to  the  loose  pulley.     The  casting  A,„  Fig.  16  (a), 

supports  a  catch  A„  pivoted  at  A„.     In  the  figure  the  catch 

is  shown  thrown  forwards  out  of  the  way,   but  the  inclined 

lever  can  be  depressed  and  the  catch  moved  backwards,  so 

that  the  notch  will  pass  over  the  projecting  lug  A,^  of  the 

inclined   lever  A„  and,  consequently,  hold  down  the  lever 

until  the  catch  is   moved  forwards  out  of  the  way..   The 

locking  of  the  inclined  lever  can  be  performed  any  time  by 

hand,  or  it  can  be  performed  automatically  at  the  end  of 

the  outward  run  of  the  carriage,  provided  that  the  catch  has 

been  moved  backwards  previously  so  that  it  is  supported 

by  the  lug  A,,  on  the  casting  A,.. 
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DETAILS    OF    OPERATION 
DRAWING    AND    TWISTING 

35.  Drawing  and  tw^istingr  is  the  first  period  in  the 
operation  of  the  mule  and  is  for  the  purpose  of  drawing:  the 
roving  to  the  correct  size  for  the  counts  of  yam  to  be 
made,  and  for  inserting  the  required  amount  of  twist  to  give 
the  yarn  sufficient  strength  for  the  purpose  for  which  it  is 
intended.  The  carriage  is  in  near  the  roll  beam,  and  the 
spindles  occupy  position  (a).  Fig.  3.  The  belt  is  on  the 
tight  pulley,  and  the  parts  r,.,  r,o,  of  the  front-roll  clutch, 
Fig.  7  (a),  are  thrown  into  contact  by  the  can>'.<,,.^  The 
hub  of  c»o  is  grooved  to  receive  a  fork  carried  by  a  lever  ri, 
that  is  pivoted  at  f„.  A  projection  on  the  lever  ^,,  is  held 
in  contact  with  the  face  of  the  cam  ^„  by  a  spring  ^„.  When 
the  lever  is  resting  on  the  portion  of  the  face  of  the  cam  that 
is  nearest  to  its  center,  the  clutch  is  locked,  but  when  the 
highest  portion  of  the  cam  is  in  contact  with  the  lever,  its 
parts  are  out  of  contact. 

The  parts  of  the  clutch  being  in  contact,  the  rolls  com- 
mence to  revolve,  drawing  the  roving  from  the  bobbins  in 
the  creel,  and  inserting  the  required  amount  of  draft  to 
reduce  it  to  the  desired  size  for  the  counts  of  yarn  to  be 
spun.  As  the  rolls  start  to  deliver,  the  carriage  commences 
to  recede,  and  the  spindles  to  revolve,  in  order  that  the  attenu- 
ated roving  may  be  twisted  as  it  is  delivered.  The  receding 
of  the  carriage  while  the  stock  is  being  delivered  and  spun 
into  yarn,  keeps  the  ends  tight  until  the  carriage  has  com- 
pleted its  outward  run,  when  the  rolls  stop  delivering  and 
the  spindles  stop  twisting  the  yarn.  Fig.  7  (a)  shows  the 
cams,  together  with  the  adjacent  parts,  in  the  position  that 
they  occupy  just  as  drawing  and  twisting  commences. 

36.  During  this  operation,  the  carriage  is  driven  direct 
from  the  back  shaft  /,  Fig.  17,  which  is  caused  to  revolve  by 
the  parts  /.,  f,  of  the  toothed  clutch  being  placed  in  contact 
with  each  other  by  the  connection  of  /,  with  the  cam  tf,,.     As 
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the  cam  is  situated  between  the  jaws  of  the  lever  /,*,  which 
is  pivoted  at  /,„  it  causes  the  lever  to  swing  on  its  pivot 
when  it  revolves.  A  projection  /„  of  the  lever  {„  is  held  in 
contact  with  the  lever  /,«  by  the  spring  /„,  and  consequently 
when  the  lever  /„  is  caused  to  turn  on  its  pivot  by  the  cam  ^„, 
it  causes  the  lever  /„  to  swing  on  its  pivot  /„.  The  lever  /,, 
is  really  in  two  sections,  in  order  to  facilitate  the  adjustment 
of  the  clutch  parts  /.,  /,.  When  the  lever  /„  turns  on  its 
pivot,  it  causes  the  upward  projecting  arms,  carrying  the 


Fig.  17 

forks  that  fit  into  the  groove  in  the  hub  of  the  part  /„  to 
swing,  and  thus  throw  the  part  A  into  or  out  of  contact  with 
the  other  part  /.,  according  to  the  direction  of  their  motion. 
When  the  forked  end  of  the  lever  /,« is  raised,  it  causes  the 
opposite  end  to  be  depressed  and,  since  the  projection  /„ 
is  held  in  contact  with  /„,  the  lever  /„  turns  on  its  pivot  and 
the  upper  portion  of  the  upright  arms  moves  to  the  right, 
Fig.  17,  thus  causing  the  two  parts  of  the  clutch  to  lock. 
When  the  forked  end  of  the  lever  /„  is  lowered,  the  clutch  is 
disconnected. 
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The  spindles  are  driven  direct  from  the  rim  shaft,  which 
is  caused  to  revolve  by  the  belt  being:  on  the  tight  pulley  a^^ 
Fig.  12*  The  rim  pulley  a^o  operates  the  rim  band  a^,, 
which*  by  means  of  the  necessary  guide  pulleys,  imparts 
motion  to  the  pulley  rf.i  on  the  cylinder  shaft  </.;  the  cylinder 
carries  the  bands  that  pass  around  the  whorls  of  the 
spindles. 


Md^" 


37»  The  fallers,  throughout  the  entire  drawing-: 
twisting  period,  occupy  the  position  shown  in  Figs,  3  and 
18  (a),  with  the  winding-faller  wire  above  the  yam  and  the 
counter-faller  wire  below,  in  order  that  they  may  be  out  of 
contact  with  the  yarn  and  thus  not  interfere  with  the  twist 
ing  operation* 

The  counter-faller  shaft  f/,,  Fig.  18  (a),  carries  a  segmeni 
bracket;,  to  which  is  attached  one  end  of  a  chain;;*,,  whil 
the  opposite  end  of  the  chain  is  attached  to  the  weighted 
lever  /,  at  j\;  this  lever  is  pivoted  at  /*  to  a  bracket  /■ 
attached  to  the  carriage.  The  amount  of  weight  on  the 
lever  can  be  adjusted  by  changing  the  number  of  weights, 
or  disks,  on  it.  The  segment  bracket  is  fastened  to  the 
counter-faller  shaft  d^  so  that  one  cannot  move  without  the 
other.  Securely  fastened  to  the  winding-faller  shaft  i/,  is  a 
bracket  /,*  A  projection /V  of  this  bracket  extends  out  si:iffi- 
ciently  to  rest  on  the  upper  surface  of  the  counter-faller 
shaft,  as  shown,  during  drawing  and  twisting;  thus,  the  wind- 
ing faller  d^  assumes  the  same  position  each  time  these 
operations  take  place. 

Pivoted  to  the  upper  portion  of  the  bracket  /.  at  j\  is  an 
elbow  lever  /,,  to  the  lower  end  of  which  is  attached  a 
chain /i*.  The  lower  end  of  this  chain  is  connected  aty,,  to 
the  lever  /..  Attached  to  the  hub  of  the  bracket  /.  is  a 
strap/,,  that  is  connected  to  the  upper  end  of  a  spring  j\^, 
the  lower  end  of  which  is  connected  to  a  casting  attached  to 
the  front  of  the  carriage.  The  spring,  being  under  tension 
and  connected  to  the  winding-faller  shaft  as  described*  tends 
to  turn  the  faller  shaft  so  that  the  winding  faller  will  assume 
a  higher  position.     It  is  prevented  from  so  doingi  however, 
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by  the  projection  /,  coining  in  contact  with  the  counter-faller 
shaft. 

During  this  period  in  the  operation  of  the  mule,  the  outer 
end  of  the  lever  y,  is  supported  by  the  chain  /,„  the  tension 
on  the  chain  jy.  being  merely  that  caused  by  the  weight  of 
the  counter  faller,  which  is  thus  kept  during  this  period  in  its 
proper  position  below  the  yarn  by  its  own  weight.  Just  as 
the  carriage  completes  its  outward  run,  the  projection  on  the 
under  side  of  the  lever  /,  comes  in  contact  with  the  incline  /,«, 
thus  raising  the  lever  and  removing  the  tension  on  the 
chain  /»,  and  consequently  on  the  covmter  faller,  during 
backing  off.  The  lever  /,  being  supported  by  the  incline  j^^, 
when  the  fallers  change  and  assume  their  positions  for  wind- 
ing, the  counter  faller  will  rise  with  less  force  and  hence  will 
be  less  liable  to  break  the  yarn.  As  the  carriage  starts  on 
its  inward  run,  however,  the  lever  /,  slides  down  the  incline  y,. 
until  it  is  supported  by  the  chain /»,  whereupon  the  full  force 
of  the  upward  tendency  of  the  counter  faller  will  be  exerted 
on  the  yarn  and  thus  kinks  in  the  yarn  prevented  and  a 
proper  tension  for  winding  insured.  There  are  a  number  of 
these  brackets,  chains,  levers,  springs,  etc.  throughout  the 
length  of  the  carriage,  but  there  are  only  one  or  two  inclines 
similar  to  y,«  for  each  section  of  the  carriage.  These  inclines, 
together  with  their  respective  faller  connections,  are  termed 
yarii-caslug  motions. 

38,  The  belt-shipping  mechanism  operates  on  the  main 
driving  belt  of  the  mule  just  before  the  carriage  completes 
its  outward  run.  The  stud  //,.,  Fig.  16  {a),  comes  in  contact 
with  the  inclined  lever  //„  and  depresses  it,  so  that  the  belt^. 
is  shipped  from  the  tight  pulley  a.,  to  the  loose  pulley  «,, 
in  order  to  reduce  the  momentum  of  the  carriage,  and  there- 
by prevent  it  from  banging  out,  and  also  to  allow  backing 
off,  which  is  the  next  period  in  the  action  of  the  mule,  to 
take  place  without  delay. 

«J9.  At  the  end  of  the  outward  run  of  the  carriage  it  is 
advisable  to  lock  the  carriajje  by  a  hoUlin^-oiit,  or  locking, 
catch,  so  that  it  may  remain  in  this  position  until  backing 


42  COTTON   MULES  §41 

off  is  completed  and  winding  just  about  to  commence.  The 
holding-out  catch  k.  Fig.  19  (a)  and  (^),  is  situated  at  the 
front  of  the  headstock  and  is  pivoted  at  kx*  Its  lower  end  is 
attached  to  the  rod  k^  at  ^.,  and  is  caused  to  oscillate  on 
its  pivot  when  the  rod  k^  is  moved  toward  either  the  front 
or  the  back  of  the  headstock.  The  outer  end  of  the  catch 
terminates  in  a  hook,  so  that  when  it  passes  over  the  stud  >&«, 
it  will  prevent  the  carriage  running  in  until  the  catch  is 
released,  as  the  stud  is  supported  by  a  bracket  k^  that  is 
attached  to  the  front  of  the  carriage  square.  When  .  the 
carriage  is  running  out,  the  catch  occupies  the  position  shown 
in  dot-and-dash  lines  in  Fig.  19  («),  so  that  its  hooked  por- 
tion will  drop  over  the  stud  k^  when  the  carriage  has  com- 
pleted its  outward  run,  and  thus  prevent  it  from  starting  in 
before  the  proper  time. 

40.  The  amount  of  time  consumed  during  drawing  and 
twisting  is  about  9i  seconds  for  the  62-inch-stretch  mule 
under  consideration.  

BACKING    OFF 

41.  The  second  period  in  the  action  of  the  mule  is  tech- 
nically known  as  backing  off.  During  this  period  certain 
parts  must  be  stopped  and  then  reversed,  in  order  that  the 
open  coils  of  yarn  between  the  end  of  the  spindle  and  the 
nose  of  the  cop  may  be  removed,  that  the  fallers  may  assume 
their  proper  positions  for  winding,  and  that  the  yam  may  be 
properly  wound  on  the  spindle,  so  that  the  yarn  will  unwind 
rapidly  and  easily  from  the  cop  at  the  next  process. 

42.  Enjoraiorin^  of  Backlng-Off    Friction. — In    order 

that  the  open  spirals  or  coils  of  yarn,  shown  in  Fig.  4  on  the 
spindle  blade,  may  be  removed,  the  spindle  must  revolve  for 
a  few  turns  in  the  opposite  direction  to  that  of  twisting. 
This  reversal  of  the  direction  of  rotation  of  the  spindles  is 
accomplished  by  the  backing-off  cone  friction,  which  is  com- 
posed of  a  large  gear  ^,,  Fig.  20,  containing  a  hollow  conical 
shell,  into  which  fits  a  cone  with  a  leather-covered  face  that 
is  a  part  of  the  tight  pulley  «,.     The  gear  e,,  which  is  loose 


it 


44  COTTON    MULES  §41 

on  the  rim  shaft,  revolves  in  the  opposite  direction  to  that 
of  the  tight  pulley  a,  during  drawing  and  twisting,  being 
driven  from  the  backing-off-friction  driving  shaft,  or,  as  it 
is  frequently  called,  the  taking-hi  shaft. 

Since  the  belt  a^  has  been  shipped  to  the  loose  pulley  a, 
(just  before  backing  off  was  to  take  place)  the  gear<^,,  when 
the  backing-off  cone  friction  is  thrown  in,  will  cause  the 
tight  pulley  a,,  together  with  the  rim  shaft  and  the  rim  pulley, 
to  revolve  in  the  opposite  direction  to  that  in  which  they 
revolved  during  drawing  and  twisting.  With  the  direction 
of  motion  of  the  rim  pulley  thus  reversed,  the  spindles  will 
also  revolve  in  the  opposite  direction,  thus  unwinding  the 
open  spirals  of  yarn  from  the  blades  of  the  spindles. 

The  cone  friction  is  thrown  in  by  the  backing-off  lever  /, 
Figs.  17  and  20,  which  is  mounted  on  a  shaft  /» that  is  free  to 
oscillate  in  bearings  formed  in  the  framework  of  the  head- 
stock.     The   lever  is  really  in  two   sections, .  as  shown    ^^ 
Fig.  17;  the  upper  end  operates  in  the  groove  in  the  hub  ^^ 
the  gear  <f,,  and  as  the  gear  is  free  to  slide  on  the  rim  shai^' 
the  friction  shell  is  thrown  in  when  the  upper  end  of  the  leV^^ 
is  moved  forwards,  and  thrown  out  when  it  is  moved  ba.<^*'* 
wards.     The  lower  end  of  the  backing-off  lever  is  connect^ 
to  the  backing-off  rod  /,,  Fig.  20,  by  a  swivel  connect i^-^^ 
at  /,  through  which  the  rod  can  slide.     The  backing-off  X"^^ 
passes  to  the  froi^t  of  the  machine,  where  it  is  connects ^ 
to    the    bell-crank    lever  h  at  /.    by  a   connecting   link'        ^*' 
About   midway,  the  rod  is   supported  by  a  bracket  /,  ^-'■^ 
carries  on  either  side  of  the  bracket  the  springs  /„  /..     '^^^, 
bell-crank  lever  is  supported  by  a  bracket  /,o  and  is  pivo"^  ^ 
at  /,,.     The  rear  end  of  the   spring  /,  presses  against  <^  ^^ 
backing-off  lever  /,  while  the  front  end  is  in  contact  with  C^  ^ 
rear  side  of  the  threaded  checking  collars  /„.     The  collar        ^^'' 
is   setscrewed    to  the  backing-off   rod,   and  comes  in   c^--^ 
tact  with  the  bracket  /,,  preventing  the  rod  from  movi  '^^^ 
too  far  as  the  spring  /,  tends  to  force  it  forwards.     The  r^^  ^ 
end  of  the  spring  /.  bears  ngainst  the  bracket  /»,  while  -^^^^ 
front    end  is  in  contact    with   the  collar  /,.  setscrewed        ^^ 
the  rod. 
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The  carriage  carnes  a  fish-jaw  lever  /i.,  the  inclined  face  of 
which  comes  in  contact  with  the  projection  /i,  on  the  outer 
end  of  the  bell-crank  lever,  depressing  the  lever  just  as  the 
carriage  completes  its  outward  run.  This  causes  the  back- 
ing-off  rod  to  move  backwards,  thus  compressing  both 
springs  /.,  /,.  The  backward  movement  of  the  backing-off 
rod  tends  to  cause  the  backing-off  lever  to  swing  and  oscil- 
late the  shaft  A,  but  it  is  prevented  from  so  doing  until  the 


Fig.  21 

required  time,  which  is  after  the  belt  is  on  the  loose  pulley 
and  the  carriage  locked  at  the  completion  of  the  outward 
run,  by  the  safety,  or  locking,  device. 

As  the  backing-off  lever  /  and  the  safety,  or  locking,  arm  /,, 
are  fastened  together,  the  backing-off  lever  cannot  swing 
Tintil  allowed  to  do  so  by  the  locking  arm.  The  backing-off 
lever  is  locked  by  the  front  portion  of  the  locking  arm  rest- 
ing on  a  bowl  A,,  carried  by  the  upper  portion  of  the  lever  h.. 
As  this  bowl  is  removed  from  under  the  locking  arm  by  the 
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Upper  cod  of  the  lever  A.  moviii^  forwards  when  the  carnig^* 
has  completed  its  omward  run,  it  will  allow  the  upper  end 
the  backing-ofi  lever  to  swing  forwards  and  throw  in  ihm 
faction,  as  the  lower  end  is  forced  backwards  by  the  spring  /.  *^ 
The  position  of  the  bell-crank  lever  /» and  the  fish-jaw  lever  /,  » 
during  backing  off,  when  the  fdclion  Is  in,  is  shown  in  dot-^ 
and -dash  lines  in  Fig*  21. 


43.  The  po  51  tie  a  of  the  fallers  must  be  changed  froi 
that  assumed  during  drawing  and  twisting  to  that. require 
for  winding,  which  is  Just  the  reverse;  that  is,  the  counie 
faller  is  above  the  ends  of  the  spindles,  and  the  windiQ 
falter  below.  The  yam  passes  over  the  counter-faHer  wire 
downwards  and  under  the  winding- faller  wire,  and  thence  t 
the  cop  on  which  it  is  wound. 

Keyed  to  the  cylinder  shaft  </„  Fig,  22,  is  a  ratchet  gear  f„* 
in  close  proximity  to  which  is  a  disk  /,,  compounded  with  a 
barrel  /,„  both  being  loose  on  the  cylinder  shaft.  The  disk 
carries  a  pawl  /„  that  operates  on  the  ratchet  gear,  which  has 
a  grooved  hub  around  which  fits  a  friction  spring  /,,,  One 
end  of  the  spring  is  bent  fork-shaped,  the  two  tines  pro- 
jecting sufficiently  to  come  in  contact  with  and  enclose  a  stud 
in  the  arm  of  the  pawl;  one  of  the  tines  is  longer  and  extends 
beyond  the  other  one  and  rests  on  the  outer  portion  of  the 
stud  on  which  the  pawl  is  mounted. 

When  the  cylinder  shaft  is  revolving  in  the  direction  indi- 
cated by  arrow  3,  Fig,  19  (a),  which  is  the  case  during 
spinning  and  winding,  the  friction  on  the  spring  /„,  Fig,  22, 
will  then  tend  to  turn  it,  but  is  prevented  from  so  doing 
y  one  end  being  in  contact  with  the  stud  on  which  the 
pawl  /m  is  mounted;  this  tendency  of  the  spring  keeps  the 
pawl  out  of  contact  with  the  ratchet  gear.  When  the  cylin- 
der shaft  turns  in  the  opposite  direction,  which  is  the  case 
during  backing  off,  the  tendency  of  the  spring  to  turn  is 
also  reversed  and,  consequently «  the  pawl  A*,  comes  in  con^ 
tact  with  the  ratchet  gear  /|„  thus  causing  the  disk  /i#  ^nd 
drum  i^  to  revolve. 

One  end  of  the  chain  /,«  is  attached  lo  the  drum,  and 
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drum  revolves  the  chain  is  therefore  wound  on  its  sur- 
As  the  other  end  of  the  chain  is  attached  to  the 
Z^o'^^  '•«»  winding  the  chain  on  the  drum  causes  the  scroll 
.  x-evolve,  the  chain  being  unwound  from  the  scroll.  The 
g^^c>ll  It*  is  compounded  with  another  scroll  /,„  both  being 


Fig.  22 


mounted  on  a  stud  carried  by  the  upper  arm  of  the  fish-jaw 
Jever  7,^  The  scroll  /„  is  connected  by  a  chain  /,,  to  an 
arm  /«•»  which  is  frequently  known  as  the  backing-oii,  or  fuller, 
artn^     and  is  attached  by  a  bracket  /.,  to  the  winding-faller 
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shaft.  When  the  chain  /„  is  unwound  from  the  scroll  /,4, 
it  causes  the  chain  /„  to  wind  on  the  scroll  /„,  and  thus  turn 
the  winding-faller  shaft  so  as  to  lower  the  winding  faller  to 
the  proper  position  for  winding,  which  position  is  controlled 
by  the  position  of  the  builder  rail,  as  will  be  explained. 

As  the  open  spirals  of  yarn  unwind  from  the  spindle  blades 
and  the  winding  faller  lowers,  the  counter  faller  rises,  to  keep 
the  yarn  under  tension.  The  raising  of  the  counter  faller  is 
brought  about  by  the  pull  exerted  by  the  weighted  levers 
similar  to  /„  Fig.  18,  acting  through  the  chains  similar 
to  /t,  because  the  winding  faller  turns  and  slackens  the 
chains  j\oy  thus  allowing  the  levers  to  be  supported  by  the 
chains  /».  All  levers  operate  except  those  that  form  part  of 
the  yarn-easing  motions. 

44.  DiseniBraiBring    of     Backing-Off   Friction. — The 

bell-crank  lever  /*,  Fig.  22,  is  released  when  the  winding 
faller  assumes  its  proper  position  for  winding,  because  the 
fish-jaw  lever  A.  swings  on  its  center  /„,  so  as  to  raise  the 
arm  that  comes  in  contact  with  the  projection  /„  of  the  bell- 
crank  lever.  The  fish-jaw  lever  is  attached  to  a  cradle  arm  /,„ 
one  end  of  which  is  supported  by  the  stud  /,«  projecting 
into  a  bearing  in  one  of  the  cross-beams  of  the  carriage 
sfjuare  ^/a,,  while  the  opposite  end  is  supported  in  a  similar 
manner;  the  stud  is  a  part  of  the  cradle  arm.  As  the 
spring  /..  Figs.  20  and  22,  is  compressed  while  the  backing- 
off  friction  is  in,  it  tends  to  force  the  backing-oif  rod  out- 
wards, but  is  prevented  from  so  doing  as  long  as  the  fish-jaw 
lever  keeps  the  outer  end  of  the  bell-crank  lever  depressed. 
When  the  fish-jaw  lever  is  raised,  the  pressure  on  the  outer 
end  of  the  bell-crank  lever  is  released  and  the  backing-oif 
rod  is  forced  forwards  by  the  spring  /,.  The  rod,  in  moving 
forwards,  throws  out  the  backing-off  friction. 

45.  T.ocklii^  the  Winding  Faller. — Near  the  other 
end  of  the  cradle  arm,  and  forming  a  part  of  it,  is  an  upright 
arm  A,.  Figs.  20  and  21,  attached  to  the  upper  end  of  which 
is  an  arm  /,,  that  is  connected  at  its  opposite  end  to  an 
arm  /„  known  as  the  boot  leg;   the  upper  end  of  this  arm  is 
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connected  to  the  front  end  of  an  arm  /,♦,  which  is  keyed  to 
the  winding-faller  shaft  and  extends  backwards  sufficiently 
to  form  one  of  the  end  supports  for  the  winding-faller  wire. 
As  the  winding-faller  shaft  turns,  on  account  of  the  chain 
and  scroll  connection,  it  causes  the  rear  end  of  the  arm  /.^  to 
be  depressed  and  the  front  end  raised,  thus  drawing;  up  the 
boot  leg  /,,  sufficiently  to  allow  the  lower  end  to  be  drawn 
over  the  bowl  i„.  The  bowl  is  carried  by  a  casting  /,,  that 
moves  up  and  down  in  a  slide  /„  attached  to  the  front  of  the 
carriage.  The  lower  portion  is  formed  so  as  to  carry  a  bowl 
that  rests  on  the 
builder  rail,  which 
will  be  described 
later.  The  tendency 
of  the  spring  /,.  is  to 
keep  the  face  of  the 
boot  leg  pressed 
against  the  bowl  /,., 
as  shown  in  Fig.  20, 
and  to  draw  the  lower 
end  of  the  boot  leg 
over  the  bowl  when 
raised  high  enough, 
as  shown  in  Fig.  21. 
This  action  is  called 
locklnfiT  the  faller, 
and  it  places  the  wind- 
ing faller  in  position 
to  be  controlled  by  the  builder  rail  duriiig  windjrjjij,  v/hich  \h 
the  next  period  in  the  action  of  the  iriule.  Fis^.  2^/  :^  ^m 
enlarged  view  showing  the  position  of  the  win^iif;^  fi»]>rr  //, 
when  locked  for  wincing,  and  al  vy  the  ;>os:t;on  of  the  'y/Uf,»er 
falier  d^  at  the  5an:e  \i0:rrjxl. 

As  the  hfjfA  !eg  bears  a^fii'j^tt  *he  V/w!  /..  ^ri^  2^^  :♦  j/^e- 
vents  the  ^^r.-'y^'K  'ever  r:r:r.;f  *^z  *  ir^.zr.z  'r,  :•>  vrr/er  *;•.?;! 
the  boot  !eg  hs*  '"^er.  ri'se':  \^^y:i^'y,y  'r.yi':,  •o  <:'>.w  *'.*: 
lower  cod  to  \.  ;.  '  v*rr  •'- ^z  V, ir! .  V»'hen  ♦?, : >  * < V e >  ;/ <.' /:  •  f;e 
spriag:  /»  win  '-a::se  ihe  '-acle  aj-s  to  tiar^  V/  a^  Vy  fa:fyr 


Ft',   » 


50 


COTTON   MULES 


§41, 


I 


the  front  portion  of  the  fish-jaw  lever  /i,  and  thereby  release! 
the  backing-off  rod  and  friction.     The  oscillation  of  the  fishj 
jaw  slackens  the  chains  /,.»  /,„  and  when  the  directioQ  o| 
rotation    of    the   cylinder    shaft   is   changed    from    that    of 
backing  off*  the  pawl  /«  is  thrown  out  of  contact  with  the     i 
ratchet  gear.  ^M 

46*  As  the  cop  increases  in  length,  the  number  of  open 
spirals  of  yam  on  the  blade  of  the  spindle  between  the  nose 
of  the  cop  and  the  end  of  the  spindle  decreases  proportion- 
ately, thus  giving  a  shorter  length  of  yam  to  be  renaoved 
dnring  backing  off*  This  length  is  also  reduced  on  account 
of  the  taper  of  the  spindle.  As  the  number  of  open  spirals  of 
yarn  on  the  spindle  blade  gradually  decreases,  the  required 
number  of  revolutions  of  the  spindle  to  remove  these  open 
spirals  will  be  less  and  less.  The  builder  mechanism  is  the 
direct  controlling  power  for  this  gradual  decrease. 

The  builder  rail  lowers  gradually  at  the  completion  of j 
each  outward  run  of  the  carriage^  and  as  the  casting^  /,,J 
Figs.  20  and  21,  is  supported,  and  its  vertical  movement 
controlled,  by  a  bowl  resting  on  the  upper  surface  of  the 
rail,  the  casting  will  gradually  be  lowered  with  the  rail. 
The  lowering  of  the  casting  /■*  carrying  the  bowl  /».  at  the 
completion  of  each  outward  run  of  the  carriage,  allows  the 
faller  to  lock  more  quickly  each  time,  as  the  boot  leg  does 
not  have  to  be  raised  as  high  as  the  previous  time;  conse- 
quently,  the  backing-off  friction  is  thrown  out  more  quickly; 
that  is,  the  friction  is  not  in  for  so  long  a  time  near  the 
completion  of  a  set  of  cops  as  at  the  beginning* 

47*     The    bockiiiir-orf    chfilu-tl$r1ttcMiiti|[f    motloit    is 

applied  for  automatically  tightening  the  backing-ofT  chain  /., 
as  the^  cops  increase  in  size,  because  there  is  a  smaller 
amount  of  yarn  on  the  blade  of  the  spindles,  and  also 
because  the  winding  faller  does  not  have  so  great  a  descent, 
or  distance  to  travel.  When  a  set  of  cops  is  first  started,  the 
amount  of  yarn  wound  on  the  spindle  blades  between  the 
noses  of  the  cops  and  the  ends  of  the  spindles  is  consider- 
able»  and  the  spindles  should  unwind,  during  backing  off* 
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just  a  little,  before  the  fallers  operate  on  the  yam,  so  that 
the  winding  faller  will  not  press  too  heavily  on  the  yam  and 
strain  or  break  it.  As  the  cop  increases  in  size  this  is  not 
as  necessary,  since  there  is  less  yarn  to  be  unwound,  and 
the  winding  faller  does  not  have  so  great  a  distance  to 
travel,  thereby  being  less  liable  to  overtake  and  strain 
or  break  the  yarn  before  backing  off  is  completed;  con- 
sequently, the  backing-off  chains  are  tightened  so  that  the 
winding  faller  will  start  downwards  a  little  earlier,  until  when 
the  cop  is  almost  complete,  the  faller  starts  immediately. 

Situated  between  the  ratchet  gear  /,„  Fig.  22,  and  the 
disk  A,  is  a  lever  m  that  swings  loosely  on  the  cylinder 
shaft.  The  shoulder  of  the  stud  that  carries  the  pawl  /„ 
rests  on  this  lever,  which,  in  connection  with  other  mecha- 
nism, prevents  the  disk  from  turning  down.  This  arrange- 
ment also  serves  for  another  purpose,  which  will  be  described 
presently.  The  outer  end  of  the  lever  m  rests  on  the  end  of 
a  lever  nix,  which  is  also  loosely  mounted  on  the  cylinder 
shaft  and  when  in  the  position  shown  in  Fig.  22  rests  on 
the  upper  surface  of  the  carriage  square  flf„.  A  portion  of 
the  hub  of  this  lever  terminates  in  a  barrel  w„  on  which  a 
portion  of  the  chain  w,  is  wound.  One  end  of  this  chain  is 
attached  to  the  barrel,  while  the  other  is  attached  to  the 
front  portion  of  a  lever  w*  that  is  pivoted  at  w..  A  projec- 
tion w.  prevents  the  rear  portion  of  the  lever  w*,  which  is 
weighted,  from  assuming  a  lower  position  than  that  shown 
in  Fig.  22.  The  rear  portion,  besides  being  weighted,  car- 
ries a  projection  m^  that  comes  in  contact  with  the  inclined 
face  of  the  casting  w.  shortly  before  the  carriage  completes 
its  outward  run,  thus  raising  the  rear  portion  and  lowering 
the  front  to  which  the  chain  w,  is  attached.  Lowering  the 
front  portion  of  the  lever  m^  draws  the  chain  downwards  and 
unwinds  it  from  the  barrel  on  which  it  is  wound,  thus  causing 
the  lever  w,  to  turn  on  the  shaft,  so  that  the  rear  end  that 
rests  under  the  lever  m  is  raised;  this  raises  the  lever  m  and 
thereby  turns  the  disk  /„  and,  consequently,  the  barrel  /,«, 
so  that  a  portion  of  the  chain  /.,  is  wound  on  the  barrel, 
thus  taking  up  some  of  the  slack.     Tightening  the  chain  /„, 
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which  of  course  tightens  the  chain  /..proportionately,  alla^^v'S 
the   winding    faller   to   be   drawn   down   earlier  when  tlrie 
backing-off  friction  is  in. 

As  the  cop  increases  in  size,  the  casting  w,  is  mo\r^^^ 
inwards  along  its  bed  w„  on  account  of  its  connection  to  t  "Br^^® 
builder  mechanism;  consequently,  the  projection  m,  israis  ^^^ 
higher  at  each  outward  run  of  the  carriage,  as  it  comes 
contact  with  a  higher  portion  of  the  inclined  face  of  t 
casting.  The  higher  the  projection  w,  is  raised,  the  greats 
the  amount  of  chain  wound  on  the  barrel  /..  before  backi 
off  commences.  Tightening  the  chains  /„,  /,.  gives  a  firm 
nose  to  the  cop,  since  backing  off  ceases  when  the  nose 
the  cop  is  reached,  instead  of  a  little  below,  as  is  the  cai 
when  the  chains  are  slack  and  the  lower  portion  of  the  o 
is  being  formed. 

48.  A  liastenin^  motion  is  sometimes  applied,  but 
is  used  principally  when  spinning  coarse  and  medium  count: 
A  curved  casting  «,  Fig.  22,  is  attached  to  the  surface 
the  scroll  /„  by  a  setscrew  and  is  adjustable,  as  there  are 
number  of  holes  in  the  scroll  in  which  the  setscrew  may 
placed.     This  casting  comes  in  contact  with  the  chain  /,— 
just  as  backing  off  is  completed,  and  as  the  diameter  of  th< 
scroll  is  thus    increased,  more  chain  is  taken  up  and   thi 
downward  movement  of  the  winding  faller  quickened,  an' 
consequently  the  upward  movement  of  the  boot  leg.     Set 
ting  the  casting  so  that  it  comes  in  contact  with  the  chain  /,^ 
early,   or  tightening   the  chain  /,.  by  turning    the  winged, 
or  lug,  nut  w,,  makes  this  motion  more  keen;    that  is,  the 
downward  movement  of  the  winding  faller  is  quickened  and 
the  tension  on  the  yarn  increased;  and  vice  versa  when  the 
opposite  adjustments  are  made. 

49,  With  the  winding  faller  locked,  and  the  backing-off 
driving  mechanism  thrown  out,  the  period  known  as  backing 
off  is  completed.  The  lenf^th  of  time  necessary  for  the  mule 
to  back  off  is  considerably  less  than  that  necessary  for 
drawing  and  twisting,  being  about  1]  seconds  in  the  case 
under  consideration. 
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WINDING 

^^4).     Winding:  is  the  third  period  in  the  cycle  of  opera- 
s  of  the  mule,  and  is  necessary  in  order  that  the  yam 
C:   has  been  delivered  and  twisted  may   be   built   up    in 
,^ble  form  on  the  spindles.     When  winding  commences, 
carriage  is  in  its  extreme  outward  position,  or  at  the  end 


th»^ 

^     ^-tzs  stretch,  as  it  is  frequently  termed.    As  the  carriage  and 
o*- 


ss>^ 


dies  are  in  position  (b),  Fig.  3, 

«re  is  a  considerable  length  of  yarn 

fended  between  the  spindles  and 

drawing  rolls;  therefore,  the  spin- 

^  mujst  revolve  and  the  carriage 

inwards  to  the  beam,  in  order 

the  yam  thus  suspended  may  be 

I,  dually  wound  on  the  cops  that  are 

:»r3g  formed  on  the  spindles. 


^^^1.     Construction  of  the  Cop. 

-.         :£nill  cop  on  a  spindle  is  shown  at 

,  :K^ig.  24.     The  nose  px  is  the  mini- 

KS^^vx''^  diameter,  and  the  shoulder^, 

-  Ya^      maximum.     The    body    is    the 

^^laeral    name    for    the    cylindrical 
^^  ration  AA>  while    the    bottom  is 

the      portion  AAA  A  A-     The   cop 

is  first  started  on  the  paper  tube  />„ 

whiota  is  placed  on  the  bare  spindle; 

this        tube    stiffens    the    bottom    by 

serving  as  a  foundation  for  the  cop. 
TYk^  determination  of  the  chase  of 
a  coi>  is  a  point  about  which  there  is  considerable  difference 
of  ojpinion,  but  is  generally  conceded  to  be  the  surface  on 
whiic^ln  the  yarn  is  wound,  the  length  of  which  is  the  distance 
from  the  nose  pi  to  the  shoulder  />,.  The  terms  nose, 
shoiJilder,  and  chase  are  applied  to  the  cop  during  its  for- 
ma. t:i  on,  as  well  as  at  its  completion.     Correctly  speaking,. 

tlie     nose  can  range  all  the  way  up  the  spindle  during  the 


Fig.  24 
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formation  of  the  cop;  for  instance,  from  A  to  fir,  the  shoulder 
from^i/.  to  pr,  and  the  chase  from  the  nose  to  the  shoulder 
in  each  case  as  A  to  A,  or  A  to  At  and  A  to  A* 

52*  When  winding  commences,  as  it  does  immediately 
after  backing  off,  the  fallers  d^,  d^  are  in  the  position  shown 
in  Fig.  23,  Near  the  spindles,  the  yam  passes  over  the 
counter-faller  wire  d^^  then  downwards  and  partly  around 
the  winding-faller  wire  ^i*,  and  thence  to  the  spindle  at  the 
nose  of  the  cop.  The  yarn  by  passing  over  the  counter-faller 
wire,  is  kept  under  tension  during  winding  by  the  upward 
tendency  of  the  wire;  by  passing  under  the  windiog*faller 
wire^  it  is  guided  to  the  cop  and  wound  on  its  surface, 
according  to  the  position  of  the  winding-faller  wire* 

As  the  carnage  starts  on  its  inward  run,  only  part  of  the 
total  number  of  weighted  levers  /„  Fig.  18  (b),  tends  to  raise 
the  counter  faller  and  keep  the  yarn  under  tension.  This 
prevents  the  yarn  being  strained  during,  and  at  the  comple- 
tion of»  backing  off.  After  the  carriage  has  started  in, 
however,  the  under  sides  of  the  weighted  levers /V  that  have 
been  resting  on  the  inclines  /,*  are  removed  from  contact 
with  tlie  inclines  by  the  inward  movement  of  the  carriage^ 
so  that  all  the  weighted  levers  throughout  the  entire  length 
of  the  carriage  are  free  to  exert  a  pull  on  the  chains  /i  so 
as  to  tend  to  raise  the  counter  faller,  and  thus  give  the 
proper  tension  to  the  yarn  during  winding,  thus  preventing 
snarling,  etc. 

53,  Tlie  Buimer  Motion,^^The  formation  of  the  cop 
is  controlled  by  the  bullcier  motion,  which  regulates  the 
length  of  time  that  the  spindles  revolve  during  backing  off, 
the  position  of  the  winding  faller  at  the  end  of  backing  off, 
and  its  position  during  the  time  that  the  yarn  is  being  wound 
on  the  spindles. 

The  builder  proper  consists  principally  of  two  parts — the 
cast-iron  rail  and  the  shoes.  The  main>  or  long»  rail  q^ 
Fig.  26,  is  in  one  piece,  being  supported  at  the  front  and 
rear  ends  by  studs  ^,,  ^,,  resting  on  the  tipper  edges  of  the 
iront  and  back  shoes  ^„  ^4,  respectively.    A  cross-section 
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of  the  rail  g  can  be  seen  in  Fig.  22,  as  a  portion  of  it  is 
broken  away.  The  rail  is  supported  with  the  narrow  face, 
or  edge,  up,  so  that  it  will  be  stiff  and  free  from  deflection, 
which  would  be  a  very  serious  defect,  as  the  shape  of  the 
face,  which  determines  the  position  of  the  winding  faller, 


Fig.  26 

would  be  materially  affected.  The  upper  surface  of  the  rail 
is  not  horizontal,  but  inclined,  with  the  extreme  front  end 
curved  as  shown. 

The  shoes  ^.,  q^  slide  in  beds  ^..  q.,  respectively,  that  are 
attached  to  the  floor;  they  are  joined  by  a  connecting-rod  q^. 


%A\ 


COTTON    MULES 


67 


Each  shoe  has  two  sides  between  which  the  rail  may  pass. 

At  each  end  of  the  rail  is  a  stud  that  projects  on  each  side 

Jsufficiently  to  rest  on  the  tipper  edges  of  the  sides  of  the 

ihoes,  thereby  supportin^^  the  rail.     The  shoes  are  some- 

times  called  imiims,  or  piales.     The   general  shape  of  the 

front  shoe    is    shown  in  perspective  in  Fig*  26;    the  rear 

loe  is  of  similar  construction,  but  it  is  not  shown  In  this 

llustration. 

Pivoted  to  the  highest  part  of  the  rail  q  at  ^,,  Figfs.  25 
and  26,  is  a  supplementary  casting,  or  short  rail,  g^,  known 
as  the  iome  inriirtf.  The  loose  incline  is  much  shorter  than 
the  inclined  part  of  the  main  rail  q^  as  shown.  Its  outer  end 
is  supported,  in  a  similar  manner  to  the  ends  of  the  long  rail, 
by  the  shoe  ^,*,  which  is  a  little  narrower  than  the  shoe  q^  so 
that  it  can  rest  inside  the  latter.  These  two  shoes  are  fast- 
ened together  by  a  binding  screw  ^u  passing  through  a  slot 
in  the  shoe  q^  into  the  shoe  q^^.  The  slot  in  the  shoe  ^,  is 
for  adjustment*  so  that  the  relative  positions  of  the  two  shoes 
can  be  changed. 


54»  As  the  cops  increase  in  size,  the  builder  rail  is  low- 
ered, in  order  that  the  winding  faller  may  not  be  depressed 
as  far  as  previously,  to  wind  the  yarn  higher  up  on  the 
spindle.  By  lowering  the  rail,  the  bowl  ^m  that  rests  on 
it  will  also  be  lowered  and  with  it  the  casting  /,*,  thus  allow- 
ing the  boot  leg  and  front  portion  of  /„  to  assume  a  lower 
position.  This  wiU  allow  the  faller  to  lock  earlier,  thus 
preventing  its  being  depressed  to  so  great  an  extent  as  pre- 
viously. The  rail  is  lowered,  as  the  cop  increases  in  size,  by 
the  shoes  being  moved  backwards  slightly  at  the  completion 
of  each  outward  run  of  the  carriage.  The  mechanism  for 
accomplishing  this  object  operates  directly  on  the  front  shoe, 
but  the  back  one  is  moved  also,  because  it  is  connected  to 
the  front  one  by  the  builder-shoe  connecting-rod  q,,  Figs.  25 
and  26.  The  middle  shoe,  or  the  one  supporting  the  outer 
end  ©f  the  loose  incline  ^,,  is  connected  directly  to  the  front 
shoe*  consequently,  any  motion  imparted  to  the  front  shoe 
must  necessarily  be  imparted  to  the  middle  one. 


The  rail  is  steadied  in  its  downward  movement,  aod  I 
■  action  made  positive,  by  the  bracket,  or  guide,  ^i^-     A  stud 
carried  by  the  rail  rests  on  the  inclined  face  of  the  guid- 
The  tendency  of  this  arrangement  is  to  press  the  rail  bad 
wards,  and  thus  keep  the  studs  supporting  the  rail  in  dire« 
contact  with  the  incHned  surfaces,  or  upper  edges,  of  il 
shoes,  so  that  when  the  position  of  the  shoes  is  changed,  tl 
rail  will  receive   motion.     The   guide  also  moves  the  n 
backwards  slightly  as  it  is  lowered,  on  account  of  the  direi^ 
[tioQ  of  the  incline  of  its  face. 

55,     The  backward   movement  of  the  shoes  is  accoi 
plished  by  the  front  shoe,  which  has  on  one  side  a  projectio 
that  extends  outwards,  being    so    shaped    as   to  fit    into 
groove  in  a  peculiarly  shaped  nut  ^im  Fig,  26,  operated  by  th 
builder  screw  g,^.     The  screw  is  supported  at  each  end  b 
upright  supports;  its  rear  end  carries  a  ratchet  gear  ^,,  th 

fis  operated  by  the  pawl  ^i,.  The  pawl  is  pivoted  to  th- 
lever  g^m  at  5^„,  the  lever,  in  turn,  being  pi%'oted  on  th' 
builder  screw  between  the  ratchet  gear  and  the  rear  su] 

iport  of  the  screw.    The  lever  is  supported  in  the  positioK: 
shown,  when  the  carriage  is  running  out  or  in,  by  a  projec^i:: 
tion  ^„*     Raising  the  end  of  the  lever  carrying  the  pawl,  b^^ 

[pressing  the  upright  arm  y„  over  toward  the  builder  tmlM 
causes  the  pawl  to  turn  the  ratchet  gear;  when  the  pressure 
on  the  upright  arm  is  released,  the  lever  and  pawl  assume 

I  their  normal  positions  again.  The  builder  screw,  in  turning 
must  overcome  the  friction  or  resistance  produced  by  the 
pressure  of  the  flat  spring  ^t»*  This  prevents  the  screwp*;^  - 
turning  around  too  far  w^hen  operated  by  the  ratchet  mecha-^tf^ 
nism,  and  also  from  turning  back  when  the  parts  of  thi^  JE  j 
mechanism  resume  their  normal  positions,  Fig,  26.  Turnin^^  -« 
the  ratchet  gear  by  this  mechanism  causes  the  builder  screw^^"  % 
to  turn,  so  that  the  nut  ^n  is  drawn  backwards,  carrying  withi' 

,  it,  on  account  of  its  connections,  the  front  builder  shoe.   This  J 
oe  moving  backwards  causes  the  others  to  do  the  satn 
le  upright  arm  y,,  is  thrown  over  toward  tlie  btiilder  raiS 
ist  as    the  carriage  completes   its  outward    run,  so  as  i^ 
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cause  the  pawl  to  operate  the  ratchet  gear,  by  a  curved 
arm  q^^  carried  by  a  bracket  attached  to  the  front  part  of  the 
carriage  square.  The  curved  arm  can  be  adjusted  to  give 
more  or  less  throw  to  the  pawl  as  required;  it  is  usually  set 
so  that  the  pawl  moves  the  ratchet  gear  1  tooth. 

The  position  that  the  nut  ^„  occupies  at  the  beginning  of 
a  set  of  cops  is  determined  by  the  adjusting  screw  ^„.  The 
head  of  this  screw  comes  against  a  projection  ^„  when  the 
shoe  is  in  its  extreme  forward  position, 
and  by  turning  the  screw  so  that  it  does 
not  project  so  far  from  the  lug  carrying 

the  nut  ^»„  the  shoe  and  nut  can  be  moved 

farther  forwards;   when  the  amount  of  the 

screw  projecting  is  increased,  the  forward 

movement  of  the  shoe  is  decreased.     The 

front  end  of  the  long  rail  may  be  raised 

or  lowered,  when  required,  by  the  adjusting 

screw  ^,t.     Turning  this   screw  so  that  it 

does  not  project  so  far  above  the  rail  causes 

the  front  end  of  the  rail  to  be  raised,  while 

it  is  lowered  when  the  screw  projects  farther, 

thus  altering  the  length  of  the  chase. 

56.  The  cop  bottom  is  built  up  as  shown 
in  Eigs.  24  and  27.  The  layers  of  yarn, 
being  laid  one  on  the  other,  cause  the  cop 
bottom  to  incrcfase  in  diameter,  while  its 
base  is  conically  formed  by  each  layer  being 
started  a  little  higher  than  the  preceding 
one.  In  the  diagram.  Fig.  27,  four  rows  of 
small  circles  are  shown  on  each  side  of  the 
spindle,  to  represent  layers  during  various  periods  in  the 
formation  of  the  cop  bottom.  These  are  not  intended  to 
accurately  represent  the  actual  number  and  position  of  the 
layers  and  coils  of  yarn,  but  to  illustrate  how  the  cop  bottom 
is  formed.  The  first  layer,  that  is,  the  one  nearest  the  paper 
tube  pi  and  spindle  </,,  extends  just  a  short  distance  above 
the  top  of  the  paper  tube.     In  this  layer  the  coils,  or  spirals. 
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of  yarn,  represented  by  the  small  circles,  are  close  togetherg^B 
so  that  all  the  yarn  that  has  been  delivered  during  the  out- 
ward run  of  the  carriage  may  be  wound  on  the  spindles* 
Since  the  surface  on  which  the  yarn  is  wound  increases  in 
length  and  also  in  the  diameter  at  its  lower  portion  as  each 
layer  is  added*  throughout  the  formation  of  the  cop  bottom, 
the  coils  must  necessarily  decrease  in  number  and  be  farther^ 
and  farther  apart,  because  the  length  of  yam  delivered  fo^fl 
each  stretch  remains  unchanged.     This  is  shown  diag^ram-" 
matically  in  Fig.  27;  the  number  of  spirals  decreases  with 
each  row  of  coils,  while  the  space  between   the  coils,  or 
spirals,  in  each  row  gradually  increases. 


57.    When  a  set  o£  cops  is  first  started,  the  builder  rail 

is  in  its  highest  position,  as  the  shoes  occupy  their  outermost 
position ♦  causing  the  studs  supporting  the  rail  to  be  on  the 
highest  portions  of  the  shoes.  The  shoes  ^re  so  shaped  as 
to  give  the  required  positions  to  the  rail  during  the  buildiuir 
of  the  cops.  The  upper  portion  of  each  shoe  is  curved,  as 
shown  in  Fig*  25,  while  the  remaining  portion  is  straight. 
During  the  formation  of  the  cop  bottom  the  rear  end  of  the 
long  rail  will  fall  rapidly,  while  the  front  end  will  fall  very 
slowly^  on  account  of  the  construction  of  their  respective 
shoes.  The  front  end  of  the  loose  incline  falls  to  about  the 
same  extent  as  the  rear  end  of  the  long  rail,  because  the 
inclinations  of  the  rear  portions  of  the  upper  surfaces  of 
their  shoes  are  about  equal*  The  lowering  of  the  rail  in  this 
manner  causes  the  shoulder,  or  high  portion,  to  which  the 
rear  end  of  the  loose  incline  is  pivoted,  to  be  lowered  to  a 
less  extent  than  the  rear  end  of  the  long  rail,  thus  producing 
the  conical  base  pt  p^  p%t  Figs*  24  and  27,  of  the  cop,  as  the 
lowering  of  the  shoulder  causes  the  winding  Caller  to  be 
slightly  higher  for  each  stretch.  The  lowering  of  the  shoulder 
takes  place  slowly  until  the  complete  cop  bottom  is  formed, 
when  the  front  end  of  the  rail  lowers  more  rapidly,  since  the 
stud  q^.  Fig.  25.  passes  over  the  shoulder  of  the  shoe  g^  just 
as  the  cop  bottom  is  completed. 

The  inclination,  or  pitch,  of  the  loose  incline,  is  greater 
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fm^S^  that  of  the  long  one,  and  thus  causes  the  winding  faller 
^g^owe  quickly  from  the  top  to  the  bottom  of  the  chase,  so 
^^  wind  a  few  open  spirals  of  yarn  on  the  chase  of  the  cop 


tct  as  a  binding,  Fig.  28,  in  order  to  produce  a  firm  nose, 
AX^va.  cop,  and  to  prevent  the  yam  stubbing  off  when  being 
"'^^-jiTOund.     This  operation  is  frequently  known  as  crossing. 

^S.  Fig.  25  shows  three  principal  stages,  or  positions, 
£  ^e  fallers  during  winding.  Fig.  26  (a)  shows  their  posi- 
.  ^^^^  just  as  the  carriage  starts  on  its  inward  run,  indicated  by 

^j-^owi,  while  arrow  2 
jj^^-^s   the   direction 

of  tx^otion  of  the  wind- 

-^0-  faller  at  this  stage. 

Tli^   winding  faller 

continues  'its    down- 

,^^ajxi  movement  until 

^e   t>owl  ^is  reaches 

^e    shoulder  of  the 

tslH  SLt  q..     Fig.  23  is 

a.  larfiTC  view  showing 

^e     position  of    the 

fillers  and  vam  iust 

as  tb^  carriage  starts 

on     its    inward    run, 

while  Fig.  28  shows 
the  position  of  the 
fallers  and  yam  when 
the  l>owl  qx%  has  reached  the  shoulder  of  the  rail.  The  wind- 
io^  faller  moves  downwards  quickly  because  the  inclination 
of  ttie  short  rail  is  considerable,  as  the  distance  from  the 
starting  point  of  the  bowl  ^i„  Fig.  25  (a),  to  the  shoulder 
of  the  rail  is  comparatively  short.  As  the  long  rail  is 
considerably  longer  than  the  short  one,  its  inclination  is, 
as  a  consequence,  more  gradual,  and  the  direction  of  its 
inclination  being  opposite,  the  winding  faller  will  rise  grad- 
ually»  as  indicated  by  arrow  4,  Fig.  25  (^),  while  the  carriage 

is   continuing  it;s  inward  run,  indicated  by  arrow  5.     When 
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the  carriage  has  completed  its  inward  run,  arriving  at  posi- 
tion (c) ,  the  winding  faller  is  at  the  top  of  the  cop,  as  shown, 
winding  being  completed. 

The  speed  of  the  carriage  must  also  be  taken  into  consid- 
eration in  this  connection.  It  starts  in  slowly  and  gradually 
increases  in  speed  until  about  the  middle  of  the  inward  run; 
then  it  gradually  decreases.  As  the  inclination  of  the  long 
rail  is  gradually  increased  during  the  formation  of  the  cop 
bottom,  the  chase  is  gradually  lengthened  until  the  bottom  is 
completed,  when  the  chase  is  longest.  When  winding  first 
commences,  the  chase  is  only  about  li  inches  long,  while  at 
the  completion  of  the  bottom  it  is  about  28  inches.  These 
dimensions  are  approximate,  since  other  lengths  of  chases 
are  made  for  different  sizes  of  cops,  or  even  for  the  same 
size  of  cop. 

59.  When  the  stud  ^,,  Fig.  25,  arrives  at  the  shoulder  of 
the  shoe  g»,  the  bottom  of  the  cop  is  completed  and  the  for- 
mation of  the  body  commences.  The  inclination  of  the  sur- 
face of  the  shoe  ^„  from  the  shoulder  out,  corresponds  more 
nearly  with  the  front  portion  of  the  shoe  g^  than  do  the  rear 
upper  portions  of  these  shoes.  Consequently,  the  lowering 
of  both  ends  of  the  rail  will  be  more  nearly  equal  during  the 
formation  of  the  body.  The  inclination  of  the  straight  por- 
tion of  the  front  shoe  is  a  little  greater  than  that  of  the  rear 
shoe;  consequently,  the  front  end  of  the  rail  will  lower  a  little 
more  rapidly  than  the  rear  end,  thus  decreasing  the  inclination 
of  the  long  incline  and  shortening  the  chase  as  the  body 
forms.  The  chase  at  the  completion  of  the  set  is  1}  inches, 
as  compared  with  2i  inches  at  the  completion  of  the  bottom, 
in  the  cop  under  description. 

The  loose  incline  is  used  for  crossing  and  for  regulating 
the  position  of  the  winding  faller  for  locking.  The  long  rail 
is  used  for  regulating  the  position  of  the  winding  faller  for 
winding  the  close  spirals  of  yarn  from  the  largest  to  the 
smallest  diameter.  The  curved  portions  of  the  shoes  are 
used  for  forminjr  the  cop  bottom,  while  the  straight  portions 
are  used  during  the  formation  of  the  body. 
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60.  DrivinfiT  of  the  Carriag^e. — The  drawing  in  of 
the  carriage  is  accomplished  by  the  drawing-,  or  taking-,  in 
bands,  which  are  operated  by  the  scrolls  on  the  scroll  shaft. 
The  scroll  shaft  is  driven  by  the  drawing-in  friction.  Refer- 
ring to  Fig.  10,  the  scroll  shaft  g  carries  a  large  bevel  gear^f ., 
of  44  teeth,  which  is  driven  by  a  small  bevel  gear  ;?•„  of 
10  teeth.  The  small  bevel  gear  is  compounded  with  the 
cone  ^,0.  The  outer,  or  inclined,  surface  of  the  cone,  Ih 
covered  with  leather,  so  that  when  the  conical  shell  ^.,, 
which  is  revolving  continuously  and  has  an  inclined  inner 
face,  is  lowered  into  contact  with  the  cone,  the  latter  will 
revolve  with  the  shell,  being  driven  by  frictional  contact. 
The  cone  revolves  around  the  upright  shaft  gt^,  on  which 
the  conical  shell  is  mounted  and  to  which  it  is  connected 
by  having  two  downward-projecting  lugs,  each  of  which  i)ro- 
trudes  into  an  opening  in  a  casting  gt%  keyed  to  the  upright 
shaft.  The  upright  shaft  revolves  continuously,  and  conne- 
quently  the  shell  also,  on  account  of  its  connection  to  the 
shaft.  Attached  to  the  upper  end  of  this  upright  nhaft 
is  a  bevel  gear  g^  of  24  teeth  that  is  driven  by  a  bevel 
gear  jf„  of  23  teeth  attached  to  the  taking-in  shaft  ^„  which 
is  driven  from  the  countershaft.  During  winding  the  draw- 
ing-in friction  is  thrown  in  so  as  to  draw  the  carriage  in  to 
the  beam,  while  daring  all  other  periods  it  is  out. 

Just  as  the  carriage  completes  its  outward  run  and 
depresses  the  front  end  of  the  long  lever  e^,  czpWini:^  in 
connection  with  Fig.  7  (d),  the  cam-shaft  operate*  the  cam* 
so  that  the  cam  ^,».  Fig.  17,  assumes  a  position  oj/f>^>bite  to 
that  shown,  and  thereby  depresses  the  fork^^i  end  of  the 
lever  /«•.  Near  the  forked  portion  of  this  lever  h  a  j/roje/.t- 
ing  arm  g^  that  extends  backwards  sufficiently  to  pat*  uii'ier 
and  support  the  adjacent  end  of  the  iork^*^  lever  jf»,  that  it 
pivoted  at^,^  This  lever  is  the  ^/nt  that  r-^ih^^  '^vA  lowers 
the  conical  shell,  as  h  ^-arritb  two  btudb.  or  piT.t,  thit  i/r<jyt:,<,^ 
into  the  grooved  b::b.  A  b^T:2:g/^„  corir^e^^-t,^  Vy  ih«:  o;/;y>- 
site  end  of  the  lever  cz^t  to  tie  ir-azrAz^^  <x''yj\t.  ter^dt  v^  *:r<iw 
up  this  end  of  the  >v»rr.  cev^esbii:^  the  *jy:yjt  *t  *:'.A  krA 
thereby  putting  in  the  fri'Jtivr^     lijib  it  prever;t«>c  urj*j]  th* 
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required  time  by  a  safety  device,  after  the  carriage  has  com- 
pleted its  outward  run,  and  by  the  arm  g^.  supporting  the 
opposite  end  of  the  lever  ^.„  in  addition  to  the  safety  device, 
when  the  carriage  is  running  out.  The  forked  arm  g^.  of  the 
lever  ^.,  has  an  offset  that  projects  beyond  the  hub  of  the 
conical  shell;  it  carries  a  lug,  or  casting,  r  forming  part  of 
the  safety  device. 

61.     The  Safety  Device. — Fig.  29  is  an  elevation  show- 
ing the  three  principal  stages  in  the  operation  of  this  safety 


® 


device,  the  backing-off  lever  /,  which  supports  some  of 
principal  parts  of  this  mechanism,  being  broken,  so  as 
show  their  construction  and  operation.     The  positions  ilh 
trated  in  Fig.  29  are  as  seen  when  looking  in  the  direct!.' 
indicated  by  arrow  1    in  Fig.    17.     The  backing-oflf   le^^" 
carries  a  casting  r„  the  upper  portion  of  which  is  shaped 
shown,  while  the  lower  portion  extends  downwards  and  o'^^^^^^' 
wards  sufficiently  to  carry  a  stud  r,  for  a  pivot  for  the  bell-cr»-^^^ 
lever  r,.     The  lower  forward  end  of  this  lever  is  weigh^^^ 


COTTON   MULES 


65 


^<3    carries  an  upward-projecting  arm  n  that  prevents  the 

iv-o*^*  ead  of  the  lever  turning  too  far,  in  an  upward  direction, 

^j^^ji  the  upper  end  of  the  lever  is  pressed  backwards  so  as 

t€>     ^^^S  on  its-  center.     The  weight  is  prevented,  on  the 

£j3^r  hand,  from  forcing  the  front  end  of  the  lever  down- 

^^^iji-c3s  farther  than  shown  in  Fig*  29  (a),  by  the  upper  end 

^£     tHe  lever  resting  against  a  shoulder  of  the  casting  r„ 

j^ig.  29  ia)  shows  the  position  of  the  safety  device  during 
ti3^  I^eriod  of  drawing  and  twisti ng*  In  this  case  the  arm  ^s, 
g^j^^^orts  the  arm  ^a^,^  and  the  lug  r  rests  on  the  extreme 
^  j^^^r  portion  of  the  lever  r,^  the  backing-off  friction  being 
Q^a^  •   ^nd  die  backing-off  lever  /  in  an  upright  position. 

'Tte  arm  ^„  being  lowered  by  the  action  of  the  cam  ^„t 

p*i^--   17»  assumes  the  position  shown  in  Fig,  29  (d).     The 

t,^^l^ing-off  friction  being  thrown  in^  the  backing-off  lever 

g^^^T-ii^gs  in  the  direction  indicated  by  arrow  Z,  Fig,  29  (n),  so 

j^x^t   it  occupies  the  position  shown  in  Fig.  29  (6).     This 

12-^  o  ^vemeot  of  the  parts  causes  the  extreme  upper  portion  of 

if^^     casting  r,  to  swing  under  the  lug  r  and  support  the 

:^  g^m,  so  that  the  drawing-in  friction  cannot  be  thrown  In 

Ltil  backing  off  is  completed, 

"VVhen   backing   off   is   completed,    the   backing-off   lever 

s-'wf  13&S  in  the  direction  indicated  by  arrow  2,  so  that  the 

l>^s.<^l*'^ng-off  friction  will  be  thrown  outi  the  lever  assuming 

tlm^     position  shown  in  Fig,  29  (r).    The  lever,  in  assuming 

tl-sf  ^  position,  causes  the  extreme  upper  portion  of  the  cast- 

i»^  -p^    r,  to  pass  from  under  the  lug  r,  allowing  the  arm  ^„ 

tc:>     fall,  so  that  the  drawing-in  friction  Is  thrown  in  instantly, 

E  -r:*.        this   case    the   lug   r  rests   on    the   shoulder  r,  of   the 

cr^a.^*^^^^  ^1*     The  extreme  upper  end  of  the  lever  r^  being 

tmi  srl^er  than  the  highest  portion  of  the  casting  r,,  it  comes  in 

c^<^^Kmtact  with  the  side  of  the  lug  r  when  the  backing-off  lever 

i^        drawn  forwards  at  the  completion  of  backing  off,  and 

I^x3.sshes   it   backwards,    causmg   it   to   assume   the   position 

s^fc^ow-n  in  Fig.  29  {c), 

'VYhen  drawing  in  is  completed,  the  arm  g^n  is  raised  by 
^:in^  action  of  the  cam  f***  Fig.  17.     This  arm  being  raised 
'"iXl  cause  the  arm^„  to  rise,  thus  disconnecting  the  friction p 
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and  at  the  same  time  allowing;  the  various  parts  of  the  safety 
device  to  return  to  their  normal  position. 

62.  The  carriage  cannot  start  in  until  it  is  unlocked  by 
the  raising  of  the  catch  k.  Fig.  19  (a).  This  is  accomplished 
by  the  connecting-rod  k^,  which  extends  backwards  and  is 
connected  at  its  rear  end  to  the  lower  end  of  the  lever  >&„ 
pivoted  at  ^,.  This  lever  has  an  arm  k.  connected  to  the 
forked  lever  ^„  that  supports  the  conical  shell  of  the  friction 
by  a  connecting  arm  k..  When  the  drawing-in  friction  is 
thrown  in,  the  outer  end  of  the  arm  kn,  is  depressed,  thus 
causing  the  lever  k^  to  turn  on  its  pivot,  so  that  the  lower 
end,  to  which  the  connecting-rod  is  attached,  is  thrown  back- 
wards, drawing  with  it  the  connecting-rod  ^„  and  thereby 
raising  the  catch  and  unlocking  the  carriage.  This  mecha- 
nism causes  the  carriage  to  be  unlocked  the  moment  the 
drawing-in  friction  is  thrown  in. 

63.  The  carriage  can  be  stopped  during  the  inward  run, 
when  it  is  necessary,  by  depressing  the  outer  end  5,  of  the 
lever  5,  Fig.  19  {b).     This  lever  is  not  shown  in  Fig.  19  (a), 
but  it    acts  directly   on  the  catch  k  and  connecting-rod  i,. 
It  is  pivoted  at  5»  and  is  operated  by  the  pressure  of  the 
foot  on  the  portion  5„  which  is  especially  formed  for  thi& 
purpose.     The  inner   end  of  the  lever  is  weighted,  whil^. 
near  the  pivot  is  a  shoulder  5,  in  close  proximity  to  a  stud  s  ♦ 
carried  by  the  lower  part  of  the  catch  k.     When  the  out^^t 
end  of  the  lever  s  is  depressed  by  the  foot,  the  inner  end     t^' 
raised,  and  the  shoulder  5,  comes  in  contact  with  the  stud    -^ 
forcing  the  lower  end  of  the  catch  forwards,  which  carr^  ^ 
with  it  the  connecting-rod  k^.     The  forward  movement  of 
throws  out  the  drawing-in  friction  until  the  pressure  on  't^^ 
outer  end  of  the  lever  s  is  released. 

64.  Drlvlnjir  of  the  Spindles. — During  winding,  ^  *- 
speed  of  the  spindles  must  be  gradually  increased  as  C:^^ 
carriage  runs  in.  This  is  true  because  the  winding  surf^*-  ^ 
of  the  cop  gradually  decreases  in  diameter  from  the  shoulc3-  ^ 
to  the  nose  and  as  the  carriage  runs  in  the  winding  faller 
rising.     While  the  cop  bottom  is  being  formed,  the  speedy     ^ 
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1^}^^     spindle  must  gfradually  decrease  because  the  diameter  of 

ifx^     cop  bottom  is  constantly  increasing,  and  as  the  stretch 

^f     yarn  between  the  drawing  rolls  and  the  spindle  is  of  the 

ggi^^^irme  length  for  each  draw  of  the  carriage,  a  decreased  speed 

^f      -iJie  spindle  is  necessary  to  avoid  breaking  the  yam  and 

^^y  ixisure  proper  winding.    As  the  cop  approaches  completion, 

x^fx^    speed  of  the  spindle  must  be  increased  slightly  when  the 

^^.x-^riage  nears  the  beam  on  account  of  the  taper  of  the  spindle, 

.y^Y^i^ch  reduces  its   diameter  near  its   upper  end  and   thus 

j^^circssitates    an    increase    in    its    speed    to    insure    tight 

^^t-ix3.ding.     The  mechanism  used  to  accomplish  these  objects 


Pio.30 


jg    commonly  known  as  the  quadrant,  a  perspective  view 

^f   which  is  shown  in  Fig.  30;   although  the  quadrant  does 

not  actually  drive  the  spindles,  it  is  the  controlling  element. 

Tbe  driving  of  the  spindles  is  accomplished  as  follows:    The 

quadrant  /,  Figs.  30, 19  (a),  and  31,  consists  of  a  segment,  or 

quadrant,  gear  /,  that  is  connected  to  an  arm  /„  and  supported 

by   a   short  shaft,  or  stud,  /,.     The  quadrant  is  caused  to 

turn   hack  and  forth  on  its  center  by  a  small  spur  gear  /*  of 

19  teeth  meshing  with  the  segment  gear.     This  spur  gear  is 

on    a   short  shaft  that  extends   across  the   headstock   and 


^tries,  between  the  two  upright  portions  of  the  framework, 
^  scroll  /■*     The  scroll  is  driven  by  bands  4,  /f*    The  band  /, 
attached   at   one  end  to  the  scroll,  makes  a  few  turns 
^-^^und  it»  then  passes  backwards  around  a  guide  pulley  ^., 
^^  thence  forwards  to  the  stud  and  ratchet  rpechanism  /„  to 
^^  ich  the  opposite  end  is  attached.     The  ratchet  raechanism 
^:^arried  by  the  central  portion  of  the  carriage*     The  other 
id  /f  is  attached  to  the  scroll  />  in  a  similar  manner,  makes 
few  turns  around  the  scroll  in  the  opposite  direction  to 
t^^^^^^  fi^^t  one.  then  passes  back  over  a  stud  /,„  and  thence  to 
^         ^g  stud  and  ratchet  mechanism  /i,,  to  which  the  opposite 
^^^  is  attached.     Both  the  stud  t,^  and  the  ratchet  mecha- 
^  ^^-m  fji  are  carried  by  the  central  portion  of  the  carriage  as 
^j^^l^  ^^  ^^®  other  ratchet  mechanism, 

^/S^s  the  carriage  runs  out  the  scroll  is  caused  to  revolve  on 

^^otmt  of  the  band  connection ,  so  that  the  band  /,  is  wound 

^rj     on  the  scroll  and  the  band  /,  unwound,  and  vice  versa 

-^^tiei^  the  carriage  is  running  in,  as  the  direction  of  rotation 

i^f    tli^  scroll  is  reversed.     The  running  out  of  the  carriage 

cauB^s  the  gear  /« to  turn  m  such  a  direction  as  to  cause  the 

seg^ment  gear  A  to  turn  forwards,  thus  raising  the  arm  /. 

no  til     it  assumes  an  almost  vertical  position,  which  is  the 

^OLS^     ^t  the  beginning  of  the  inward  run. 

O^S*    The  arm  /,,  Fig*  31,  is  hollow  and  carries  a  long 

scr^^^^^  /it,  which  is  supported  at  each  end*     Mounted  on  the 

scr^^^^  is  a  threaded  traveler  As  that  is  caused  to  rise  or  fall 

acci^o  i'<iing  to  the  direction  of  rotation  of  the  screw.     The 

?ler  is  prevented  from  turning  with  the  screw  by  a  por- 

projecting  through  a  slot,  or  narrow  opening,  in  the 

fao^     of  the  arm.     The  traveler  is  connected  to  a  drum  z/, 

FisT^-  1^  (^J  ^^^  32,  by  a  chain  v,f  commonly  known  as  the 

ur£Tm€£ing  chain.    The  drum  is  carried  by  a  short  shaft  in  the 

ca^rris^e     square*    and    is   compounded    with  a   large   spur 

geaT"  x^i  that  meshes  with  a  smaller  spur  geari',  loose  on  the 

cylioder  shaft  d^*    The  spur  gear  on  the  cylinder  shaft  is  com- 

potixided  with  a  disk  tu.     This   disk   carries  a  stud  iv,  on 

^  w^ich  is  pivoted  a  pawl  v^  that,  during  winding,  is  in  contact 
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with  a  ratchet  gear  ve  fast  on  the  cylinder  shaft.    The  end 
of  the  stud  V7  projects  beyond  the  pawl  an  equal  distance 


Fig.  A2 


with  a  stud  ^8  carried  by  the  arm  of  the  pawl.     Fig.  33  is  a 
large  view  of  the  disk  and  ratchet  mechanism. 

Mounted  loosely  on  the  cyHnder  shaft,  in  close  proximity  to 
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the  ratchet  gear,  is  an  arm  v,.    The  hub  of  this  arm  is  grooved 
and  supports  a  friction  spring  z/jo,  one  end  of  which  projects 
upwards  and  terminates  in  a  fork  that  encloses  the  stud  z/,; 
one  of  the  tines  of  the  fork  is  sufficiently  long  to  come  in  con- 
tact with  the  stud  v,  that  supports  the  pawl.    Attached  to  the 
arm  z/„  Fig.  19  (a),  is  a  lever  2/,i  that  extends  downwards. 
This  lever  has  an  arm  z/„  that  projects  backwards  sufficiently 
to  rest  on  the  upper  surface  of  the  rear  portion  of  the  carriage 
square.     The  lever  z/»i  has  a  short  arm,  or  projection,  z/„  to 
which  one  end  of  the  spring  z;,*  is  attached;   the  other  end 
of  the  spring  is  attached 
to   a  stud  carried  by  an 
upright  portion  of  the  car- 
riage square.     The  tend- 
ency of   the  spring  is  to 
keep    the    inner    end    of 
the  arm  v^  resting  on  the 
upper  surface  of  the  rear 
portion    of    the    carriage 
square.     The  lower  por- 
tion   of   the   lever  Vn   is 
slotted  and  fits  over  the 
end  of  a  stud,  or  arm,  z/,. 
that  is  carried   by  a  vertical  arm   supported  by  a  bracket 
attached  to  one  of  the  cross-beams  of  the  carriage  square. 
When  the  carriage  is  out,  the  arm  z/i,  is  in  close  proximity 
to  a  dog  Vi9  that  is   setscrewed  to  the  connecting-rod  ^,. 
When  the  drawing-in  friction  is  thrown  in,  the  connecting- 
rod  moves  backwards,  thus  bringing  the  dog  z/,.  in  contact 
with  the  arm  z/i.,  which  causes  it  to  swing  backwards  and 
move  the  lower  end  of  the  lever  v^  inwards  against  the 
tension  of  the  spring  v^^.     This  movement  of  the  lever  v^ 
causes  the  friction  spring  z/„  to  throw  the  pawl  z/.  into  con- 
tact with  the  ratchet  gear  v,. 


Fig.  33 


66.  When  the  carriage  is  out,  a  considerable  length  of 
the  winding  chain  Vt  is  wound  around  the  surface  of  the 
winding  drum  v.     As  the  carriage  runs  in,  as  indicated  by 
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arrow  1,  Fig,   19  {a),  the  chain  unwinds  from  the  drui 
causing  the   latter  to  revolve,   together  with  the  gear  v 
in   the   direction   indicated  by  arrow  2^  and  as   the  larg 
gear  v^  meshes  with  the  small  gear  z/,,  the  small  gear  wi 
revolve  in  the  direction  indicated  by  arrow  3,     The  gear 
and  disk  zu  being  compounded  necessitates  the  rotation 
the  disk  with  the  gear  when  the  latter  rotates.     The  dis 
revolving  and  carrying  the  pawl  lu,  which  at  this  period  I 
brought  in  contact  with  the  ratchet  gear  v^  by  means  o 
the  spring  t^^,,  causes  the  ratchet  gear  to  revolve;    and  a 
the  ratchet  gear  is  attached  to  the  cylinder  shaft,  the  cylii 
der  will  revolve*     The  cylinder  and  spindles  being  bandei 
the  direction  of  rotation  o£  the  latter  depends  on  the  direc 
tion  of  rotation  of  the  cylinder,  which  in  this  case  is  iht 
same  as  during  the  drawing-and-twisting  period. 

When  the  carriage  has  completed  its  inward  run,  th 
chain  i/»  is  almost  entirely  unwound  from  the  drum  z%  Th 
chain  is  rewound  on  the  winding  drum  again  during  the  out — 
ward  run  of  the  carriage  by  a  rewinding  band  w,  Referrin 
to  Figs.  19  (d)  and  32,  the  rewinding  band  is  attached  to  a 
arm  w,  at  the  rear  of  the  headstock  and  passes  forward 
under  a  guide  roll  ze^,,  taking  a  turn  over  and  around  th 
grooved  portion  of  the  winding  drum,  and  thence  forward 
to  the  front  of  the  headstock*  where  it  is  attached  to  a. 
weight  lever  w^  that  is  pivoted  at  nu.  The  tension,  given 
to  the  band  by  means  of  the  weight  on  the  outer  end  of  the 
lever,  is  for  the  purpose  of  producing  friction  between  the 
winding  drum  and  band  sufficient  to  insure  the  revolving  of 
the  drum.  When  the  carriage  completes  its  inward  run  and 
starts  on  its  outward  movement,  the  rewinding  band  changes 
the  direction  of  rotation  of  the  winding  drum  Vt  causing  the 
chain  v^  to  be  wound  on  its  surface.  Changing  the  direction 
of  rotation  of  the  drum  also  changes  the  direction  of  rota- 
tion of  the  gears  t^,  t\  and  the  disk  v^,  consequently  throw- 
ing the  pawl  Vn  out  of  contact  with  the  ratchet  gear  v^. 


67*     To  illustrate,  clearly,  the  working  of  the  quadrant 
two  diagrammatic  views,  Fig.  34  {a)  and  (b)  are  used.    Ir 
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Fig.  34  (a),  the  winding  drum  v  is  shown  in  three  positions, 
1,  2,  and  5;  1  shows  the  winding  drum  in  the  position  that 
it  occupies  just  as  the  carriage  starts  to  run  in;  2,  when  the 
carriage  is  about  half  way  in;  and  5,  when  the  carriage  is  in 
at  the  beam.  The  oblique  lines  Vx  represent  the  winding 
chain,  while  /„  is  the  traveler,  and  for  the  present  is  to  be 
considered  as  stationary  and  occupying  the  position  shown. 
The  thin,  or  narrow,  portions  of  the  lines  Vx  represent  the 


amount  of  chain  necessary  to  connect  the  traveler  and  the 
drum  when  the  carriage  is  in  its  extreme  outward  position; 
while  the  thick  portions  represent  the  amount  of  chain  that 
unwinds  from  the  drum  as  the  carriage  runs  in,  occupying 
the  second  and  third  positions,  respectively.  By  comparing 
the  lengths  of  the  heavy  lines  it  will  be  seen  that  as  the  car- 
riage runs  in,  the  amount  of  the  chain  unwound  increases. 
In  other  words,  the  length  of  chain  unwound  when  the 
carriage  has  arrived  in  position  3  is  more  than  twice  that 
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unwound  when  in  position  2,  notwithstanding  the  fac 
that  the  distance  i,  3  is  just  twice  that  of  1,  2.  This 
would  tend  to  increase  slightly  the  speed  of  the  spindles  as 
the  carriage  nears  the  beam,  provided  that  the  conditions 
named  existed.  The  drum  rotates  in  the  direction  indicate(^^:^ 
by  the  small  arrows  as  it  moves  inwards  with  the  carriage^^^^ 
and  the  chain  unwinds. 

Fig.  34  (^)  shows  approximately  the  actual  conditions  that:*" -it 
exist.     In  this  case,  the  quadrant  turns  on  its  center  /,  in  the^^^e 

direction  indicated  by  arrow  x  as  the  carriage  and  the  wind -•- 

ing  drum  move  inwards.     As  the  drum  occupies  positions  <^^  s 

1,  2,  and  3,  the  traveler  occupies  positions  a,  by  and  r,  respect — - 

ively.  The  traveler's  moving  forwards  prevents  as  much  -^z* 
chain  being  unwound  from  the  drum,  in  assuming  position  2,  ^  ^-y 
as  was  the  case  when  in  the  same  position  in  Fig.  34  (a).  ^  • 
The  amount  unwound  is  indicated  by  the  heavy  portion  oi^t  f 
the  line  v^  and  varies  as  the  traveler  subsequently  is  moved -^^^ 

farther  from  the  center  /,  of  the  quadrant  arm  during  the  for *- 

mation  of  the  cop  bottoms.     The  amount  of  chain  unwound  M'^ 
from  the  drum  as  it  assumes  position  3,  Fig.  34  (^),  and  the  -^s« 
traveler,  position  r ,  is  also  indicated  by  the  heavy  portion  of  "3^:  f 
the  line  z/,.     By  comparing  the  amount  of  chain  unwound 
from  the  drum  when  arriving  at  positions  2  and  5,  it  will  be 
seen  that  the  proportion  is  greater  than  in  Fig.  34  (a);  con- 
sequently, the  increase  in  the  speed  of  the  drum  is  greater  in 
proportion.     Since  the  speed  of  the  drum  is  greater,  the   -^^^ 
speed  of  the  spindles  is  greater,  in  order  that  the  yam  may    "^^ 
be  properly  wound  on  the  cop  as  the  diameter  of  its  winding    '^^ 
surface  gradually  decreases.     The  difference  in  the  amount    ^^^^ 
of  chain  unwound  from  the  drum  as  it  assumes  position  5,      -*   ♦ 
Fig.  34    (b)y    as    compared   with    the    amount   unwound   at     ^^^ 
position  2,  is   due   largely  to  the  fact   that  the  horizontal     ^  * 
distance    moved    by    the    traveler   is    less    in    the    second      ^^ 
instance,   as  indicated  by  the  distance  ;f„  than  in  the  first      ^^^ 
instance,  as  indicated    by  the  distance  Xx, 

68.     When  a  set  of  cops  is  first  started,  the  traveler  A,, 
Figs.  19(rt),30,  and  31,  is  in  its  lowest  position  on  the  screw/,., 
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Fig.  31,  and  the  arm  /,  is  almost  vertical  at  the  commence- 
ment of  each  layer.  The  arm  is  usually  set  a  little 
forward  of  a  perpendicular  passing  through  the  center  of 
the  stud  /,.  The  quadrant  being  in  this  position,  with  the 
traveler  a  little  lower  than  the  top  of  the  winding  drum, 
causes  considerable  chain  to  be  imwound  from  the  drum  as 
the  carriage  runs  in,  because  the  pull  is  almost  in  a  hori- 
zontal direction  and  the  horizontal  distance  through  which 
the  traveler  moves,  as  the  quadrant  turns  downwards  on  its 
center,  is  very  slight,  thus  causing  more  chain  to  be  unwound 
from  the  surface  of  the  drum  than  is  the  case  when  the  trav- 
eler is  higher  up  on  the  screw.  The  unwinding  of  the  long 
length  of  chain  causes  the  spindles  to  revolve  quickly,  in 
order  to  wind  the  yarn  properly  on  the  comparatively  small 
diameter  of  the  bare  spindle. 

As  thie  cop  bottoms  increase  in  size,  the  speed  of  the 
spindles  required,  when  winding  on  the  yarn  at  the  large 
diameter,  is  less  than  at  the  small  diameter  of  the  cops,  con- 
sequently requiring  a  varying  speed.  As  the  traveler  is 
moved  farther  from  the  center  /,  of  the  quadrant  arm,  the 
pull  is  no  longer  in  a  horizontal  direction,  and  besides,  it 
moves  through  a  greater  distance  as  the  quadrant  turns 
downwards.  At  the  beginning  of  each  new  winding  period 
the  horizontal  distance  traversed  by  the  traveler,  as  the  car- 
riage starts  to  run  in,  is  gradually  increased  by  the  traveler 
being  moved  farther  from  the  center  of  the  stud  /,  of  the  quad- 
rant arm;  but  as  the  carriage  continues  to  run  in,  the  distance 
traveled  in  a  horizontal  direction  decreases  by  reason  of  the 
quadrant  turning  downwards  as  the  carriage  nears  the  beam, 
as  explained  in  connection  with  Fig.  ?4  (a)  and  (d).  Thus, 
in  this  case,  only  a  slight  amount  of  cl  ain  is  unwound  as  the 
carriage  starts  to  run  in,  the  yarn  winding  on  the  large  por- 
tion of  the  cops,  but  as  the  carriage  nears  the  beam,  the 
yarn  is  continually  being  wound  on  a.  smaller  diameter  of 
the  cops,  and  more  chain  is  imwound  so  as  to  increase  the 
speed  of  the  spindles,  in  order  that  the  yarn  shall  be  prop- 
erly wound  on  the  small  part  of  the  cops.  When  the  cop 
bottoms  are  completed,  the  movement  of  the  traveler  along 
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the  quadrant  arm  ceases.  The  traveler  is  not  contiauall 
raised  during  the  formation  of  the  bottom,  but  period icall; 
at  the  inward  nin  of  the  carriairei 


69,     Cop-Bottom  Governing  Motion. — The  turning  ofc  ^=>^ 
the  quadrant  screw  /i,,  Fig,  31,  is  governed  by  the  falters^  ^^* 
Attached  to  one  of  the  central  arms  of  the  counter  faller  is  a^^    a 
chain  x  that  passes  downwards  around  a  small    pulley  jr,  ^  *^»^i 
carried  by  the  lever  jr,  and  then  upwards  to  a  scroll  jr„  to<=^-Cii 
which  its  opposite  end  is  attached.     Compounded  with  the  ^^  le 
scroll  is  a  small  spur  gear  .x\  that  is  operated  by  a  segment  :X  mt 
gear  x^  mounted  on  the  winding-faller  shaft  and  attached  to  <::^  o 
one  of  the  central  arms  of  the  winding  faller  by  a  bolt  and  £^^d 
nut,  so  that  any  movement  of  the  winding  faller  and  shaft  will  M.  Ml 
be  imparted  to  the  segment  gear.     The  lever  x*  carrying  the  -^^e 
pulley  Xi  is  pivoted  at  its  outer  end  to  the  carnage  at  :r,,    ^  ^^ 
while  the  inner  end  carries  a  stud  Xt.     Immediately  below   ^n^^ 
the  stud  X,  is  a  star,  or  ratchet,  gear  Xm  compounded  vnth    .^^ 
the  band  pulley  jr,.     An  endless  band  x^,  passes  around  this 
pulleyi  dowuj  forward  to,  and  around  the   guide  pulley  Xm 
thence  backwards  and  around  another  guide  pulley  ,r,„  for-     — ^^* 
wards  and  around  the  guide  pulley  x,^,  up%vards  and  around     ^^ 
the  quadrant  pulley  .t  i.,  and  thence  backwards  to  the  pulley  j«.       ^  -* 
The   guide  pulley  x,,    is   to    give  the  band  x.*  a   greater      ^'^^ 
grip  on  the  pulley  a%  than  would  otherwise  be  the  case,      -^d 
When  the  carriage  is  running  out,  as  indicated  by  arrow  I,       ^| 
the  band  is  stationary,  but  the  band  pulley  jr.  is  caused  to        ^^ 
revolve  in  the  direction  indicated"  by  arrow  2,  on  account  of       ^* 
the  motion  of  the  carriage.     A  spring  /,^,   Fig,  30,  attached        ^ 
to  the  side  of  the  arm  /,  extends  downwards  and  carries  t        ^^ 
friction  pad  at  its  lower  end,  which  comes  in  contact  with 
the  outer  surface  of  the  gear  x^,  preventing  it  from  having 
too   free  a  movement.     The   quadrant  screw  is  prevented 
from  turning  backwards  by  a  pawl  and  ratchet  gear  at  the  top 
of  the  quadrant  arm.     The  ratchet  gear  is  on  the  screw  shaft. 

During  the  drawing-and-twistiog  period,  the  lever  x,  is 
held  in  the  position  shown  in  full  Hnes,  but  when  backing) 
occurs,  the  winding  faller  lowers;  thus  the  segment  x\  turns 
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^^vi^fivvards,  causing  the  gear  jr.  to  turn  in  such  a  direction 
to  tmwind  a  portion  of  the  chain  x  from  the  scroll  .t^. 
j^^^v^inding  the  chain  allows  the  lever  x,  to  lower,  so  that  the 
i<i  Xr  will  come  in  the  path  of  the  teeth  of  the  star  gear  :r,» 
^l^own  in  dot-and-dash  lines.  The  lever  assuming  this 
virion  prevents  the  pulley  ;r,  from  turning  and,  con- 
^^^u-eotly,  holds  the  band  at  this  point,  thus  causing  it  to 
ff^4^^%^^  with  the  carriage. 

^/V  ^  the  carriage  runs  in»  that  is,  in  the  direction  opposite 
l^  ^,i:'row  1,  the  quadrant  pulley  x,^  will  turn,  being  driven 
l,y  the  moving  band,  and  as  it  is  on  a  sleeve  with  the 
lje;^%re?l  gear  jTi,  that  meshes  with  the  bevel  gear  jti,  on  the 
l^^^^r  end  of  the  screw  /,„  the  screw  will  turn  and  raise 
^^     traveler  A,. 

Tlie  raising  of  the  winding  faller  causes  the  shaft  to  turn 
^^  segment  ti,  Fig.  31,  upwards,  thus  causing  the  scroll  to 
lj^  Slimed  so  as  to  wind  on  a  portion  of  the  chain  x;  conse- 
quontly,  the  lever  Jt,  is  raised,  thus  allowing  the  star  gear  jr» 
^j^ci  the  band  pulley  a-,  to  rotate »  and  the  band  x„  to  cease 
icrip^rtiog  motion  to  the  quadrant  pulley  ,t»*-  As  the  cops 
IncX'^ase  in  size,  less  and  less  of  the  chain  is  unwound  from 
tbe^  scroll  ^,»  as  the  extent  of  the  downward  motion  of  the 
^in. cling  faller  continually  decreases,  while  the  cops  increase 
^utili  when  the  cop  bottoms  are  completed,  the  amount  of 
Qjjsi^in  unwound  is  insufficient  to  allow  the  lever  jr,  to  fall  so 
tti3.*^  ^^  ^^^^  ^*  ^^^  come  in  contact  with  the  star  gear  jt,; 
cor^^^Q^^^tly*  the  upward  movement  of  the  traveler  ceases 
^tx^n  the  cop  bottoms  are  formed* 

^^V  very  important  point  in  connection  with  the  operation 
^f  this  governing  motion  is  the  action  of  the  counter  faller, 
tti^  position  of  which  is  controlled  by  the  tension  of  the  yarn. 
Sin<^^  ^^^  chain  x  is  connected  to  the  counter  faller,  it  is 
eiricJent  that  the  position  of  the  counter  faller  will  govern  the 
length  of  time  that  the  stud  x,  is  in  contact  with  the  star 
^ea^r  .r,.  This  is  true  because  when  the  tension  of  the  yam 
is  greater  than  normal,  the  connter  faller  is  lowered,  thus 
allowing  the  stud  Xf  to  remain  longer  in  contact  with  the 
^eax  jr«,  while  when  the  tension  of  the  yam  is  less  than 
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normal  the  counter  falkr  will  rise,  thereby  drawing  up  on  ih-^^ 
chain  and  decreasing  ihe  length  of  time  that  .r,  is  in  contac  — 
with  ,r».  The  longer  the  stud  remains  in  contact  with  th^ 
gear,  the  greater  will  be  the  distance  that  the  traveler  ^^. 
is  raised  by  the  rotation  of  the  screw  ^„  and  vice  versa— 
Hence,  the  tension  of  the  yarn  is  kept  uniform  during  the^ 
formation  of  the  cop  bottom,  because  the  position  of  the  ^ 
counter  faller  aids  in  governing  the  movement  of  /js. 

70.  During  the  formation  of  the  body  of  the  cops  the 
spindles  are  driven  as  described,  except  that  the  traveler 
does  not  rise  any  higher  on  the  quadrant  screw,  and  a  device 
must  be  applied  to  control  the  winding  at  the  nose  of  the 
cops,  on  account  of  their  decreasing  size^  due  to  the  taper  of 
the  spindles.  After  the  cop  bottoms  are  formed,  the  upward 
movement  of  the  traveler  ceases,  because  the  various  diam* 
eters  throughout  the  winding  surfaces  of  the  cops  remain  the 
same  for  each  new  layer  of  yarn  as  for  the  previous  layer, 
except  at  the  nose;  consequently,  the  spindles  must  have  the 
same  speed  for  each  new  layer  of  yarn  wound  on  as  for  the 
previous,  except  at  the  nose  of  the  cop»  when  the  speed 
must  be  slightly  increased  for  each  new  layer* 

?!•  Antomatlc  Nosing  Motion. — In  order  that  the 
yarn  may  be  woond  on  properly  at  the  nose  as  the  cop  builds 
up,  the  iiiitoniattc  uostn^  motion  is  applied.  At  the  top  of 
the  arm  /„  Fig,  30,  is  a  cross-piece  y^  one  end  of  which  pro- 
jects beyond  the  arm.  Pivoted  to  the  projecting  portion  of 
this  piece  at  j',  is  an  arm  y^  The  outer  portion  of  this  an 
has  an  offset  y^,  generally  called  the  nosliif;>r  pepr,  that  comes 
in  contact  with  the  winding  chain  ^^,  Near  the  pivot  of  the 
arm  y,  is  a  projection  y^  carrying  an  adjusting  screw  y,  for 
raising  or  lowering  the  nosing  peg  as  required.  The  arm  y, 
also  has  a  slotted  projection  y,y  to  which  is  attached  one  end 
of  the  mtmkry  chain  jt*  The  other  end  of  the  monkey  chain 
is  attached  to  the  central  portion  of  a  long  pendent  lever  >', 
that  is  pivoted  at  its  upper  end  to  the  front  of  the  headstock 
at^f  The  lower  end  of  this  lever  comes  in  contact  with 
one  end  of  a  horizontal  lever  y,^  that  is  pivoted  at  j^,,>     The 
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opposite,  or  left-hand,  end  of  this  lever  comes  in  contact 
with  the  projection  of  the  front  shoe  of  the  builder  motion 
that  engages  the  nut  ^i.. 

As  the  cops  increase  in  size  the  shoe  moves  backwards,  and 
as  the  left-hand  end  of  the  lever  y^.  is  in  contact  with  the 
inner  side  of  the  projection  of  the  front  shoe,  this  end  of  the 
lever  will  be  moved  backwards  and  the  right-hand  end  moved 
forwards.  This  movement  of  the  lever  >',.  causes  the  lower 
end  of  the  lever  y.  to  be  moved  forwards  slightly  for  each 
stretch.  The  forward  motion  of  the  lower  end  of  this  lever 
causes  some  of  the  slack  that  exists  during  the  formation  of 
the  cop  bottoms  to  be  taken  out  of  the  monkey  chain,  so 
that  when  the  quadrant  turns  down  as  the  carriage  nears  the 
beam,  the  chain  becomes  tightened  and  causes  the  nosing 
peg  y^  to  depress  the  winding  chain  z/,  below  its  horizontal 
position,  thereby  causing  more  chain  to  be  unwound  from 
the  winding  drum,  thus  increasing  the  speed  of  the  spindles 
as  the  yam  winds  on  at  the  nose  6f  the  cop. 

As  the  cops  build  up  and  the  shoes  move  backwards,  more 
and  more  slack  is  taken  out  of  the  monkey  chain,  causing 
the  nosing  motion  to  be  more  and  more  keen  for  each  new 
winding  period.  During  the  formation  of  the  cop  bottoms, 
the  monkey  chain  is  slack,  as  the  projection  of  the  front 
shoe  ^.  has  not  moved  backwards  a  sufficient  distance  to 
operate  on  the  end  of  the  lever  j,.  so  as  to  affect  y.,  and 
the  weight  of  the  rear  end  of  the  nosing-peg  lever  y^ 
alone  is  not  sufficient  to  depress  the  winding  chain  Vi  during 
winding,  since  this  chain  is  under  considerable  tension;  con- 
sequently, the  monkey  chain  must  be  tightened,  so  that  the 
nosing  peg  will  depress  the  winding  chain,  to  increase  the 
speed  of  the  spindles. 

72.  Winding  being  complci:ed  when  the  carriage  reaches 
the  beam,  reengaging  occurs.  The  length  of  time  consumed 
during  the  winding  period  is  about  3x  seconds  in  the  case 
under  consideration. 
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REENGAGING 

73.  Reengrasringr  is  the  fourth  period  in  the  cycle  c^ 
operations  of  the  mule,  and  when  it  is  completed  the  drawinj 
and-twisting  operation,  which  is  the  first   in  the  cycle 
operations,  takes  place.     The  object  of  this  period  is  to  p: 
pare  the  various  parts  for  the  positions  that  they  must  occup] 
during  the  outward  run  of  the  carriage.     This  necessitate; 
the  reversing  of  certain  parts  from  the  positions  that  thei 
occupy  during  the  inward  run. 

74.  The  fallers  must  be  changed  so  that  the  winding 
faller  wire  will  be  above   the   yam  and  the  ends  of  thi 
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spindles,  and  the  counter-faller  wire  below  them.  Both^^^^^ 
faller  wires  must  be  out  of  contact  with  the  yam,  in  order"^  '^ 
that  the  latter  shall  have  free  passage  from  the  rolls  to  the 
ends  of  the  spindles  during  drawing  and  twisting.  The^ 
fallers  assuming  this  position  allow  the  yarn  to  be  wound  on  ^ 
the  spindle  blades  in  open  spirals  between  the  noses  of  the  ^ 
cops  and  the  ends  of  the  spindles  so  that  twisting  may  take  ^ 
place. 

As  the  winding  faller  is  locked  in  order  to  control  the  "^ 
winding  of  the  yam,  it  must  be  unlocked  in  order  that  the  ^ 
wire  may  rise  so  as  to  be  above  the  ends  of  the  spindles  and^ 


§41  COTTON    MULES  81 

out  of  contact  with  the  yarn.  The  unlocking:  of  the  winding: 
faller  is  caused  by  removing  the  lower  surface  of  the  boot 
leg  /,„  Fig.  35,  from  contact  with  the  bowl  /,.  on  which  it 
rests.  The  removal  of  the  boot  leg  from  the  position  shown 
in  Fig.  35  is  accomplished  by  the  lever  z  that  is  attached 
to  its  lower  portion.  Just  as  the  carriage  completes  its 
inward  run,  the  lower,  or  curved,  portion  of  the  lever  z 
comes  in  contact  with  the  curved  face  of  the  arm  Zx  that  is 
supported  by  the  bracket  z^.  This  arm  and  bracket  are  sta- 
tionary, although  the  arm  can  be  adjusted.  The  lower  portion 
of  the  lever  z  coming  in  contact  with  the  face  of  the  arm  z^ 
causes  the  boot  leg  to  be  thrown  off  the  bowl  /,.. 

When  a  set  of  cops  is  first  started,  the  builder  rail  q  being 
in  its  highest  position,  the  lower  end  of  the  lever  z  will  come 
in  contact  with  the  face  of  the  arm  Zx  at  about  the  point  z^. 
As  the  builder  rail  q,  the  sliding  casting  /,„  and  boot  leg  /„ 
are  lowered  as  the  cops  increase  in  size,  the  lever  z  will  be 
lowered;  consequently,  the  lower  end  of  this  lever  will  come 
in  contact  with  the  face  of  the  arm  Zx  below  the  point  -?,. 
As  the  face  of  the  arm  is  curved  so  that  its  lower  portion,  near 
the  floor,  is  farther  from  the  front  of  the  mule  than  the  portion 
near  the  point  z^y  the  unlocking  of  the  winding  faller  will 
occur  later  and  later  as  the  cops  increase  in  size.  This  is 
desirable  because  the  distance  between  the  noses  of  the  cops 
and  the  upper  ends  of  the  spindles  gradually  decreases  as  the 
cops  build  up,  thus  requiring  less  yarn  for  the  open  spirals 
on  the  blades  of  the  spindles  to  bring  the  yarn  in  position  for 
twisting,  during  the  outward  run  of  the  carriage.  As  soon  as 
the  boot  leg  is  off  the  bowl  /,„  the  winding-faller  wire  dx. 
rises  very  quickly,  on  account  of  the  tension  of  the  springs  y,„ 
Fig.  18,  so  that  a  few  open  spirals  of  yam  are  allowed  to 
wind  on  the  blades  of  the  spindles  between  the  noses  of  the 
cops  and  the  ends  of  the  spindles. 

Just  as  the  carriage  strikes  in,  or  reaches  the  roll  beam, 
the  levers  similar  to  /„  Fig.  18,  which  were  supported  by 
the  inclines  similar  to  7,4  during  backing  off,  are  supported 
by  the  under  side  of  the  levers  coming  in  contact  with  the 
bowls  similar  to  y,.  carried  by  the  brackets  similar  to  jx.. 
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This  redtaoes  the  weis:bt  on  the  oomzter  faBer,  and  conse- 
i^iiecOT  the  tension  on  tbe  ram.  until  the  winding:  ^dler  has 
risen  to  its  pfX4>er  2x>sition  and  imtil  the  vei2:ht  of  all  the 
ierers  similar  to  /,  is  snpported  by  chains  similar  to  y„. 
The  counter  faller  now  bein^  reliered  of  anj  weisfit,  or  pull, 
of  tlie  levers  /,  laJis.  br  iis  own  weight,  until  its  downward 
c:>otion  is  checked  by  the  chains  similar  to  /a.  The  tension 
OS  these  chains  is  simply  thai  cansed  by  the  wei^t  of  the 
counter  faller  itself- 

The  counter  faller  is  preTented  from  jumping:  np  and 
breaking:  the  yam.  when  the  carriage  strikes  in,  by  the  face 
of  a  cvwnward'proiccliEj:  arm  d^,  Fij.35.  coming  in  contact 
with  a  stnc  on  the  side  of  the  framework  of  the  headstock 
near  the  back  of  the  mu]e.  The  arm  d^  is  sitnated  near  the 
boot  iejj  /„  and  is  cast  in  one  piece  with  <Hie  of  the  inner  end 
supports  of  the  connter-faller  wire,  as  shown  in  Fij^.  7  (a). 

75.     Ifterer«al  of  Parts  and  DIsenipacrinfT  off  Catches. 

When  the  carriage  strikes  in.  it  mast  stop  and  then  recede  ^ 
from  the  rolls,  since  the  yam  that  was  previously  spun  is^ 
WOU3C  on  the  spindles  a:::d  more  must  be  delivered  an^^ 
twisted  be:«>re  winding  can  again  take  place.  Just  as  th^ 
carriage  strikes  in.  the  inner  end  of  the  Ions:,  or  steeplc^^ 
lever  ^:,.  Y\z-  "^  ^'^)*  '-^  depressed,  so  that  the  cam-sleeves, 
ViZ'  ^  ^'^h  can  make  half  a  revolution,  assume  the  positic^^^ 
shown,  and  thus  allow  the  cams  to  cause  the  parts  that  th^^^ 
contr<yI  i<j  assume  the  proper  positions  for  the  drawing-ai^^^ 
twi!^t:^:g  ;j^r:od. 

The  'ja.Ti  ^,t.  Figs.  7  ia)  and  17,  turns  so  as  to  raise  t::::^ 
forktc  end  <.:  tee  lever  /,.  and  cause  the  arm^«.  Figs.  17  ^^^^ 
2^^  ^J.  to  raise  the  arm  j^»,.  thus  lifting  the  conical  shell  ^.^^ 
the  era  wing -in  friction,  so  that  it  ceases  to  operate  the  scrz: — 
shaft  ^.   Fig-   10.     The  raising  of  the  arm  ^,.,  Figs.  17  ^^t^ 
20  (<,.  c-i^ises  the  backing-otf  locking,  or  safety,  device 
assume  it>  normal  posit:* »n.  shown  in   Fig.  29  (a).     As  ^    ^ 
rt:t<.han:srn  assumes  its  normal  position,  it  locks  the  dr"s=^ 
:nz'r,   f.-i'jtion   so   that   it  cannot  operate  tmtil  backings 
is  corrij>Ieted. 
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A  safety  device  is  also  provided  so  that  the  drawing-in 
friction  will  be  disengaged  at  the  completion  of  the  inward 
run  of  the  carriage,  should  the  cam-and-lever  connection 
fail.  This  device  is  shown  in  Fig.  19  (a)  and  consists  of  a 
screw  dtn  carried  by  the  rear  portion  of  the  carriage  square, 
so  that  its  head  will  come  in  contact  with  the  face  of  the 
tipper  portion  ^,o  of  the  lever  k^  and  press  it  backwards. 
This  will  cause  the  lever  /r,  to  swing  on  its  center  so  that 
the  arm  k,  will  be  raised,  and  as  it  is  connected  to  the  forked 
lever  £"„  by  the  arm  ^„  it  will  raise  the  forked  portion  of 
this  latter  lever,  thus  causing  the  friction  to  be  disengaged. 

The  parts  ^,.,  do  of  the  front-roll  clutch.  Fig.  7  (a),  will  be 
thrown  into  contact,  as  the  spring  r,,  keeps  the  lower  portion 
of  the  lever  c^i  in  contact  with  the  face  of  the  cam  ^,s,  which 
at  this  time  is  turned  around  so  that  the  lowest  portion  of 
its  face  is  in  contact  with  the  lever,  as  shown.  This  causes 
the  rolls  to  revolve  for  drawing  and  delivering  the  stock. 

The  parts  /.,  A  of  the  back-shaft  clutch,  Fig.  17,  will  be 
thrown  into  contact  as  the  end  of  the  lever  /„  carrying  the 
projection  /,,  is  lowered,  through  the  action  of  the  cam  ^,., 
lever  /m,  and  spring  /„.  The  throwing  in  of  these  clutch 
parts  allows  the  back  shaft  to  revolve  when  the  front  roll 
begins  to  turn  and  thus  cause  the  carriage  to  recede  from 
the  rolls. 

76,  Sliippini^  of  Belt. — The  turning  of  the  cam  ^,4, 
Figs.  7  {a)  and  16  (a),  so  that  its  highest  part  is  in  contact 
with  the  arm  ^.,  causes  the  driving  belt  a,  to  be  shipped 
from  the  loose  to  the  tight  pulley,  as  it  has  been  on  the 
loose  pulley  during  backing  off,  winding,  and  reengaging. 

The  belt  is  partly  shipped  after  the  cops  are  about  half 
built,  so  that  the  speed  of  the  spindles  will  be  increased  just 
as  the  carriage  strikes  in  each  tintte,  in  order  to  prevent 
snarling  when  the  fallers  change  and  also  so  that  the  spindles 
may  run  at  almost  their  normal  speed  for  twisting,  so  that 
there  will  be  practically  no  lost  time  during  reengaging 
nor  loss  in  twist  at  the  commencement  of  spinning.  The 
mechanism  for  the  accomplishment  of  this  partial  shipping 
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of  the  belt  is  frequently  termed  the  ha^tenltif?^  or  atitl- 
snarltnir,  inotlou,  and  is  operated  and  controlled  by  the 
builder  rail. 

Pivoted  at  i  to  the  upper  portion  of  the  casting  /«,  Fig.  2^, 
position  (^),  is  a  short  arm  /,  that  is  attached  at  its  upp^t 
end  to  the  outer  end  of  the  lever  u  at   /,-     This  lever    i-s 
pivoted  to  a  portion  of  the  carriage  near  the  square  at  i 
while  the  inner  end  supports  an  arm,  or  upright  support, 
that  is  attached  to  the  front  end  of  the  rail  i\.     The  rail  :^s 
pivoted  at  its  rear  end  to   the  carriage  at  t,  and  projec^^s 
above  the  upper  surface  of  the  carriage  body.     The  upp^^^ 
surface  of  the  portion  of  the  rail  extending  above  the  ca     '^' 
riage  is  inclined.     As  the  cops  build,  the   builder  rail  ai^^^ 
castii?g  A.,  in  lowering,  cause  the  outer  end  of  the  lever  r,  t^=^*> 
lower  and  the  inner  end  to  rise,  thus  raising  the  rail  t\  s^^^ 
that  it  extends  farther  and  farther  above  the  carriage.     Ju^^^^ 
before  the  carriage  completes  its  inward  run,  the  incline   ^^^ 
surface  of  the  rail  r\  conies  in  contact  with  the  under  side  cz:==^^ 
a  projection  //,,,   Fig,   16  (a),  carried  by  the   arm   At,  thu  ^^^^ 
slightly  raising  the  outer  end  of  this  arm  and  causing  th^     *^ 
belt  fl.  to  be  moved  sidewise  slightly,  so  that  a  portion 
the  belt  will  be  on  the  tight  pulley  aj,  while  the  greater  por 
tion  will  be  on  the  loose  pulley  a,.     This  partial  shippin^^^  ^ ' 
of  the  belt  causes  the  tight  pulley  to  revolve.     Since  th^^    ^ 
rail  rises  higher  and  higher  as  the  cops  build,  this  action 
will  be  made  more  and  more  keenj  that  is,  it  will  move  the 
belt  farther  and  farther  on  to  the  light  pulley. 

77,  When  the  belt  is  shipped  to  the  tight  pulley  and  the 
various  mechanisms  are  ready  for  the  outward  run,  drawini 
and  twisting  takes  place.  The  time  consumed  by  the  reen—  -*' 
gaging  period  is  only  about  i  second^this  period  require^^  ^ 
less  time  than  any  other.  The  total  length  of  time  con-  ^' 
sumed  by  all  the  periods  during  one  complete  cycle  is="  ^ 
only  about  15  seconds  in  the  case  under  consideration,  a^  ^ 
previously  stated. 
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DOFTING 

78,  Doffing:  is  the  removal  of  the  full,  or  completed, 
cops  and  the  preparing  of  the  machine  for  the  formation  of 
a  new  set.  On  the  mule  this  operation  requires  at  least  two 
persons,  although  more  can  be  advantageously  employed. 
From  the  description  of  the  actions  of  the  mule,  it  will  be 
noticed  that  it  continues  in  operation  whether  the  belt  is  on 
the  tight  pulley  a,.  Fig.  7  (a),  or  on  the  loose  pulley  a,;  also, 
that  the  belt  must  be  on  a  certain  one  of  these  pulleys  during 
certain  periods  in  the  actions  of  the  mule. 

The  only  way  of  stopping  the  entire  mule,  which  is 
necessary  during  doffing,  as  well  as  at  other  times,  is  by 
shipping  the  counter  belt  from  the  tight  pulley  on  the 
countershaft  to  the  loose  one,  thereby  allowing  the  counter- 
shaft to  stop.  In  order  to  allow  the  belt  to  be  shipped  from 
the  tight  pulley  on  the  countershaft  to  the  loose  one,  or 
vice  versa,  the  driving  pulley  on  the  main  driving  shaft  «„ 
Fig.  5,  has  a  wide  face.  The  belt  is  shipped  from  one 
pulley  to  the  other  by  a  rod-and-lever  connection,  a  portion 
of  this  mechanism  being  shown  in  Fig.  1.  The  setting-on 
handle  o  is  connected  to  the  front  end  of  the  rod  ^„  which 
extends  backwards,  being  connected  at  its  rear  end  to  the 
downward-projecting  arm  of  the  lever  o,  that  is  pivoted  at  o^. 
The  upward-projecting  arm  of  this  lever  is  connected  to  the 
lower  end  of  a  vertical  rod  o^.  This  vertical  rod  extends 
upwards  to  the  remainder  of  the  belt-shipping  mechanism  in 
front  of  the  countershaft.  By  moving  the  setting-on  handle 
and  rod  in  or  out,  the  belt  is  shipped  from  the  loose  to  the 
tight  pulley,  or  vice  versa.  When  the  setting-on  handle  and 
rod  are  in  the  position  shown  in  Fig.  1,  the  countershaft  is 
stopped. 

When  a  set  of  cops  has  reached  the  desired  size,  the 
counter  belt  is  thrown  on  the  loose  pulley  just  as  the  car- 
riage completes  its  last  outward  run,  since  there  is  enough 
momentum  to  allow  the  mule  to  back  off,  and  the  carriage 
to  run  in  a  part  of  the  way.  The  carriage  is  stopped  when 
the   bowl   of    the   winding  faller  reaches  the  shoulder,  or 
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highest  part,  of  the  builder  rail,  by  throwing  out  the  draw- 
ing-in  friction.  When  the  bowl  is  in  this  position,  the  wind- 
ing faller  has  completed  its  downward  movement,  being  at 
the  shoulder  of  the  cops,  and  the  binding,  or  open,  spirals, 
of  yam  have  been  wound  on  the  chase  of  the  cops. 

79,     In  order  to  allow  the  fallers  to  be  lowered  so  that 
they  occupy  the  position  shown  in  Fig.  36,  the  rim  band 


Fig.  36 

must  be  turned  back  by  hand,  that  is,  in  the  opposite  direc- 
tion to  that  in  which  it  moves  during  drawing  and  twisting, 
so  that  the  lower  spirals  of  the  binding  layer  will  be  slack- 
ened enough  to  allow  the  yarn  to  be  drawn  down  around  the 
body  and  base  of  the  cops,  as  shown,  when  the  fallers  are 
depressed.     The  winding  faller  is  held  down  in  the  position 
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gliown  by  inserting:  a  block  of  wood  u  between  the  counter- 
f^llcr  shaft  and  the  portion  of  the  arm  /,♦  to  which  the  boot 
\eZ  ^"  ^^  attached.  The  counter  faller  is  held  down  by  the 
Ijook,  or  catch,  «i,  which  is  mounted  loosely  on  the  winding- 
loXlex  shaft,  but  which  can  be  moved  along  the  shaft  and 
turned  so  that  the  hooked  portion  comes  in  contact  and  locks 
witb  the  hooked  portion  of  the  handle  «,.  The  handles  «„  u^ 
are  used  for  depressing  the  fallers  by  hand. 

The  quadrant  screw  is  now  turned  by  removing  the  pawl 
frotn  contact  with  the  ratchet  gear  at  the  top  of  the  quadrant 
arm  and  turning  the  screw  back  by  the  crank-handle  at  the 
top  c>f  the  screw  shaft  so  that  the  traveler  will  occupy  its 
lowest  position,  which  is  the  one  necessary  for  starting  a 
new^  set  of  cops.  The  winding  chain  should  also  be  slack- 
ene<l  as  the  quadrant  traveler  is  reset,  but  it  should  be 
tightened  again  before  the  carriage  is  run  in  for  doffing. 
The  "builder  motion  should  be  reset  so  that  the  shoes  will  be 
in  their  foremost  position,  as  required,  when  starting  a  new 
set  of  cops.  The  shoes  are  moved  forwards  by  turning  the 
bailder  screw  backwards  by  a  crank-handle  placed  on  the 
squared  portion  of  the  outer  end  of  the  screw,  as  shown  in 
Y\^*  26.  Before  the  screw  can  be  turned  back,  however, 
the  pawl  must  be  removed  from  contact  with  the  ratchet 
gear   on  the  inner  end  of  the  screw. 

,A.f  ter  these  parts  have  been  set,  the  fallers  are  depressed 

and    locked  as  stated,  when  the  drawing-in  friction  is  thrown 

in    and  the  counter  belt  shipped  on  to  the  tight  pulley  for  a 

iQoraent  so  as  to  allow  the  carriage  to  run  in  for  about 

3     inches;    the  belt  is  then  thrown  on  to  the  loose  pulley 

again  and  the  drawing-in  friction  thrown  out.     The  carriage 

moving  in  for  this  short  distance  allows  a  few  coils  of  yarn 

to  t>^  wound  on  the  spindles  just  below  the  paper  tubes  on 

whfoli  the  cops  are  formed.     The  cops  are  now  removed  and 

pacfeed  in  a  doffing  box,  frequently  called  a  filling  box. 

SO*  As  the  cops  are  being  removed,  a  fresh  supply  of 
PSLp^T  tubes  are  placed  on  the  spindles,  one  tube  to  each 
^Pincile-     Before  the  tubes  are  forced  down  in  position,  the 

8&. J.2 
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wooden  block,  or  wedge,  u  should  be  removed  to  allow  the 
winding  faller  to  rise  slightly  to  assume  its  proper  position 
for  winding,  which  is  controlled  by  the  builder  rail  and  bowl. 
The  tubes  are  now  forced  down  in  position  on  the  spindles, 
so  that  their  tops  will  be  in  line,  by  a  wooden  tube  setter, 
which  is  made  to  fit  against  the  spindles. 

The  checking   band   should   be   tightened   somewhat  b5 
turning  the  hand  wheel  situated  at  the  front  of  the  headstoclt 
for  this  purpose.    Tightening  this  band  prevents  the  carriage 
from  striking  in  too  hard,  which  would  cause  it  to  rebound 
thus  straining  and  breaking  the  yarn,  as  well  as  strainir^S 
the  carriage  and  other  parts.     One  person  now  releases  tlr^^ 
counter-faller  catch  «»,  while  another  holds  the  counter  fall  ^^ 
in  the  position  shown.    This  prevents  the  counter  faller  frc^  '^ 
rising  and  straining  or  breaking  the  yarn.     The  person  th.      at 
released  the  catch  generally  sets  in  the  drawing-in  frictio-     =^1, 
so  that  the  carriage  and  parts  will  be  in  position  to  contin^ — ic 
the  inward   run  and    the  winding    of    the    yam  suspend^^d 
between  the  spindle  ends  and  the  rolls.     The  counter  b^^lt 
is  now  gradually  shipped  to  the  tight  pulley  so  that  the  ca^^- 
riage  will   start  in    slowly.     As  the   carriage   runs  in,  tMtae 

counter  faller  is  allowed  to  rise  gradually,  so  as  not  to  stra in 

the  yarn.  After  the  mule  has  run  a  short  time  for  builditr  ig 
a  new  set  of  cops,  the  checking  band  can  be  slacken^^d 
again  until  it  regains  its  normal  tension. 


COnON  MULES 

(PART  2) 


MANAGEMENT 


CAIiCUI^TIONS 


SPEEDS 

"Xm  The  calculations  for  the  mule  refer  principally  to 
speeds,  drafts,  twist,  production,  changes  in  the  sizes  of 
^ea^s,  etc.  In  a  number  of  cases  where  the  calculations 
resemble  those  of  previously  described  machines  the  rules 
are  omitted.  The  necessary  data  for  the  following  calcu- 
lations are  given  in  Fig.  1  and  in  the  text  of  this  and  the 
preceding  Section. 

In  most  cases  machines  are  continuous  in  their  actions,  and 
their  speeds  are  calculated  in  revolutions  per  minute,  but  the 
mule  is  intermittent  and  very  few  parts  are  revolving  con- 
tinuously for-  more  than  a  brief  period  of  time.  Since  the 
length  of  time  that  the  different  parts  are  in  action  varies, 
some  definite  unit  of  time  must  be  taken,  in  order  that  the 
relative  speeds  of  the  various  parts  may  be  calculated;  there- 
fore, the  usual  method  is  followed  and  the  number  of  revolu- 
tions per  minute  is  taken  as  a  base. 

2,  Countershaft, — Since  the  various  parts  of  a  mule 
receive  motion,  either  directly  or  indirectly,  from  the  counter- 
shaft,  the  determination    of   its    speed  is  important.     The 
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f^^JJo'^^e  example  illustrates  the  method  of  finding  the  speed 
^f  tt%^  comitershaft: 

^:^AMPLK.— Find   the   number  of   revolutions  per  minute  of  the 

^^  xa.  «:«rshaft  when  the  main  driving  shaft  makes  310  revolutions  per 

-j^-cm^e  and  carries  a  36-inch  pulley  driving  a  19-inch  pulley  on  the 

^-tershaft. 

310  X  35 
^^::^x.xmov,—    — jg —  =  571.052  rev.  per  min.  of  the  countershaft. 

Ans. 

^^  ^  Rim  Shaft. — The  rim  shaft  is  the  main  driving  shaft 
q£  -ttoe  mule  and  receives  its  motion  from  the  countershaft; 
^^^      ^  peed  is  determined  as  shown  by  the  following  example: 

^^:^KAMPLK.— Find  the  number  of  revolutions  per  minute  of  the  rim 
,    ^^^"^  when  the  countershaft  makes  571.052  revolutions  per  minute  and 
.^-^-i^s  a  28-inch  pulley  driving  an  18-inch  pulley  on  the  rim  shaft. 

571  052  X  28 
^^^3LunoN.—    —^ =  888.303  rev.  per  min.  of  the  rim  shaft. 

Ans. 

,,^t  -  Spindles. — In  mule  spinning,  the  speed  of  the  spin- 
j-j^^^  is  of  the  utmost  importance,  being  ascertained  as  follows: 

^^^:^AMPLB. — Find   the   number  of   revolutions  per  minute  of   the 

^^^-B.^les,  making  a  deduction  of  5  per  cent,  for  slippage,  etc.,  when 

J^^  rim   shaft  makes  888.303  revolutions  per  minute  and  carries  a 

,^_5^3.ch  rim  pulley  driving  an  11-inch  pulley  on  the  cylinder  shaft. 

0j^Y^^     cylinder  is  6  inches  in  diameter  and  drives  a  |-inch  whorl  on  the 

*^  888.303  X  16  X  6        ,«  oq«  «i« 

^^OLUTION.—    ^.^      , =  10,336.616  rev.  per  mm.     5  per 

c^a^-   of  10.336.616  =  516.830.     10,336.616-516.830  =  9,819.786  rev. 
^^x*    sziin.  of  the  spindles.    Ans. 

rriie  allowance  of  5  per  cent,  made  in  this  example  for 
slix>P^S^  ^^  ^^  bands,  belts,  etc.  is  not  absolute,  as  it 
<3ex>^i^^s  largely  on  the  condition  of  the  bands,  belts,  and 
otls.^x'  parts,  but  it  is  the  allowance  usually  made. 

^S.  To  find  the  number  of  revolutions  of  the  spindles  to 
l  x-^-volution  of  the  rim  shaft  when  the  number  of  revolu- 
tion:! s  of  the  spindles  for  a  given  time  and  the  number  of 
re^v^olutions  of  the  rim  shaft  for  an  equal  length  of  time 
arc^     Icnown: 
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Rule  I. — Divide  the  number  of  revolutions  of  the  spindles  by 
the  number  of  revolutions  of  the  rim  shaft. 

Example  1. — Find  the  number  of  revolutions  of  the  spindles  to 
1  revolution  of  the  rim  shaft  when  the  spindles  make  9,819.786  revolu- 
tions per  minute  and  the  rim  shaft  makes  888.303  revolutions  per  minute. 

Solution.—  9,819.786  ^  888.303  =  11.054  rev.  of  the  spindles  to 
1  rev.  of  the  rim  shaft.    Ans. 

To  find  the  number  of  revolutions  of  the  spindles  to 
1  revolution  of  the  rim  shaft  when  the  diameters  of  the  rim 
pulley,  cylinder  pulley,  cylinder,  and  whorl  are  known: 

Rule  II. — Divide  the  product  of  the  diameters y  in  inches y  oi 
the  rim  pulley  and  cylinder  by  the  product  of  the  diatnetersy  in 
hicheSy  of  the  cylijider  pulley  ajid  whorl. 

Example  2. — Find  the  number  of  revolutions  of  the  spindles  to 
1  revolution  of  the  rim  shaft,  with  a  deduction  of  5  per  cent,  for 
slippage  of  the  bands,  belts,  etc.,  when  the  rim  pulley  is  16  inches  in 
diameter,  the  cylinder  pulley  11  inches,  the  cylinder  6  inches,  and  the 
whorl  \  inch. 

Solution.—    jj  ^  »  =  11.636  rev.;  5  per  cent,  of   11.636  =  .581. 

11.636  -  .581  =  11.055  rev.  of  the  spindles  to  1  rev.  of  the  rim  shaft. 

Ans. 

6.  Front  Roll. — The  nuniber  of  revolutions  per  minute 
of  the  front  roll  must  be  determined  since  the  speed  of  the 
front  roll,  together  with  its  diameter,  governs  the  speed  at 
which  the  stock  is  delivered  by  it.  The  following  examples 
illustrate  the  method  of  finding  the  revolutions  per  minute 
of  the  front  roll  and  also  the  number  of  inches  of  stock  that 
it  delivers  per  minute: 

Example  1.— Find  the  number  of  revolutions  per  minute  of  the 
front  roll  when  the  rim  shaft  makes  888.303  revolutions  per  minute  and 
carries  a  22-tooth  gear  driving  a  66-tooth  gear  on  a  short  sleeve.  On 
this  same  sleeve  is  a  GO-tooth  gear  that  drives  a  (>0-tooth  gear  that  is 
compounded  with  a  24-tooth  bevel  gear.  The  24-tooth  gear  drives  a 
48-tooth  bevel  gear  on  a  sleeve  on  the  front  roll.  This  bevel  gear  is 
compounded  with  one-half  of  a  toothed  clutch,  the  other  half  of  which 
is  fastened  to  the  shaft  of  the  front  roll. 

_  888.303  X  22  X  (K)  X  24        _  ^^  ., 

Solution.—    (>6  x  «0  X  48 ^  148.05  rev.  per  min.  of  the 

front  roll.     Ans. 
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EzAMPLB  2. — Find  the  number  of  inches  of  stock  delivered  per 
minute  by  the  front  roll  when  the  roll  is  1  inch  in  diameter  and  makes 
148.05  revolutions  per  minute. 

Solution.—    148.05  X  1  X  3.1416  =  465.113  in.  per  min.    Ans. 


TWIST 

7,  There  are  a  number  of  methods  of  finding  the 
amount,  or  number  of  turns  per  inch,  of  twist  being  inserted 
in  the  yam»  but  the  principal  one  is  to  take  into  considera- 
tion the  connecting  pulleys,  gears,  etc.  between  the  front  roll 
and  the  spindles.  There  are  also  a  number  of  methods  of 
finding  the  proper  amount  of  twist  to  be  inserted  in  any 
given  yarn;  the  principal  one  requires  the  consideration  of 
the  counts  and  class  of  yarn  to  be  spun  and  the  standard 
multiplier  for  that  class  of  work. 

8,  In  order  to  find  the  number  of  turns  of  twist  being 
inserted  in  the  yam  according  to  the  method  stated,  the  fol- 
lowing rule  may  be  applied: 

Rule  I. — Assuminj^  the  front-roll  gear  to  be  a  driving  gear y 
divide  the  product  of  the  driving  gears  and  the  diameters,  in 
incheSy  of  the  rim  pulley  and  cylinder  by  the  prodiut  of  all 
the  driven  gears  and  the  diameters,  in  inches,  of  the  cylinder 
pulley,  whorl,  and  the  front  roll  multiplied  by  3,14lC  to  give 
its  circumference. 

Example  1.— Find  the  number  of  turns  of  twist  per  inch  being 
inserted  in  the  yarn,  with  a  deduction  of  5  per  cent,  for  slippage  of 
bands,  belts,  etc.,  according  to  the  data  given  in  Pig.  1. 

48  X  60  X  H6  X  16  X  6  .v.  ooo       r 

SOLUTION.-    ,^  --^--^  .,,  ^  j^^  j^  ^  ^-3  ^- --  =  22.223.     5   per 

cent,  of  22.223  =  1.111.     22.22:^  -  1.111  =  21.112,  turns  of  twist  per  in. 

Ans. 

To  find  the  number  of  turns  of  twist  per  inch  being 
inserted  in  the  yarn  when  the  number  of  revolutions  per 
minute  of  the  spindles  and  the  number  of  inches  of  stock 
delivered  per  minute  are  known: 

Rule  II. — Divide  the  number  of  revolutions  per  minute  of  the 
spindles  by  the  number  of  inches  of  stock  delivered  per  minute  by 
the  front  rolL 
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Example  2. — Find  the  number  of  turns  of  twist  per  inch  be!  ^^^ 
inserted  in  the  yarn  when  the  spindles  make  9,819.786  revelations  F^^*^ 
minute  and  the  front  roll  delivers  465.113  inches  of  stock. 

Solution.—    9,819.786  -^  465.113  =  21.112,.tums  of  twist  per  in. 

9.     The  twist  is  generally  altered  by  changfingf  the  ri 
pulley  or  the  speed  gear.     The  speed  gear  is  the  one  change 
under  ordinary  conditions,  which  require  only  a  slight  alter, 
tion  in  the  amount  of  twist,  but  for  a  considerable  chan; 
the  rim  pulley  is  altered;  in  extreme  cases  both  are  changei 
Referring  to  Fig.  1,  the  spur  gear  r„  of  66  teeth  driven 
the  22-tooth  gear  ^„  on  the  front  end  of  the  rim  shaft  is  tlr — 3e 
speed  gear. 

To  find  the  cgnstant  for  twist  for  the  rim  pulley  when  th^Ke 
sizes  of  the  gears,  pulleys,  etc.  are  known: 

Rule  I. — Perform  the  calculatioyis  in  exactly  the  same  mann^^ 
and  select  exactly  the  sanie  data  as  when  finding  the  twisty  excep/ 
that  the  rim  pulley  should  be  considered  as  1  inch  in  diameter. 

Example  1.— Find  the  constant  for  twist  for  the  rim  pulley  accord- 
ing to  the  data  given  in  Fig.  1. 

_  48X60X66X1X6  ,  ..„  ^     ^ 

Solution.-    24  X  60  X  22  x  U  X  i  X  1  X  sTHle  =  ^'^^^  ^^'^^°'* 

Ans. 

To  find  the  constant  for  twist  for  the  speed  gear  when  the 
sizes  of  the  gears,  pulleys,  etc.  are  known: 

Rule  II. — Perform  the  calculations  in  exactly  the  same  manner 
and  select  exactly  the  same  data  as  when  finding  the  twisty  except 
that  the  speed  gear  should  be  considered  as  having  only  1  tooth. 

Example  2.— Find  the  constant  for  twist  for  the  speed  gear  f„ 
according  to  the  data  given  in  Fig.  1. 

^  48X60X1X16X6  o„^_  ^     ^ 

Solution.^    ^r-^'x -22"-  TrxT>OX^3416  =  '^^^  ~°^^°^- 

Ans. 

To  find  the  number  of  turns  of  twist  per  inch  being 
inserted  in  the  yarn  when  the  constant  for  the  rim  pulley  and 
the  size,  or  diameter,  of  the  rim  pulley  are  known: 

Rule  III. — Multiply  the  diameter  of  the  rim  pulley  being 

used  by  the  constant  for  twist  for  the  rijn  pulley. 
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EXA.MPLB  3. —Find  the  turns  of  twist  per  inch  being  inserted  in  the 
yarn,  making  a  deduction  of  5  per  cent,  for  slippage  of  bands,  belts, 
etc.,  when  a  16-inch  rim  pulley  is  used  and  the  constant  is  1.3889. 

SoLynoN.—  16  X  1.3889  =  22.222.  5  per  cent,  of  22.222  =  1.111. 
22.222  —  1.111  =  21.111,  turns  of  twist  per  in.    Ans. 

To  find  the  number  of  turns  of  twist  per  inch  being 
inserted  in 'the  yarn  when  the  constant  for  the  speed  gear 
and  size  of  the  speed  gear  are  known: 

Rule  IV. — Multiply  the  size  of  the  speed  gear  being  used  by 
the  constant  for  twist  for  the  speed  gear. 

EzAMPLB  4. — Find  the  turns  of  twist  per  inch  being  inserted  in  the 
yam,  making  a  deduction  of  5  per  cent,  for  slippage  of  bands,  belts, 
etc.,  when  a  66-tooth  speed  gear  is  being  used  and  the  constant  is  .3367. 

Solution.—    66  X  .3367  =  22.222.    5  per  cent,  of  22.222  =  1.111. 

22.222  —  1.111  =  21.111,  turns  of  twist  per  in.    Ans. 

To  find  the  diameter  of  the  rim  pulley  being  used  when  the 
calculated  twist  and  the  constant  for  twist  for  the  rim  pulley 
are  known: 

Bale  V. — Divide  the  number  of  turns  of  twist  per  inch  by 
the  constant  for  twist  for  the  rim  pulley. 

EXA.MPLB  5. — Find  the  diameter  of  the  rim  pulley  required  to  pro- 
duce 22.223  turns  of  twist  per  inch  when  the  constant  for  twist  for  the 
rim  pulley  is  1.3889. 

Solution.—    22.223  -^  1.3889  =  16  in.,  dia.  of  rim  pulley.    Ans. 

To  find  the  size  of  the  speed  gear  being  used  when  the  cal- 
culated twist  and  the  constant  for  twist  for  the  speed  gear 
are  known: 

Rule  VI. — Divide  the  number  of  turns  of  twist  per  inch  by 
the  constant  for  twist  for  the  speed  gear. 

ExAMPLB  6.— Find  the  size  of  the  speed  gear  required  to  produce 

22.223  turns  of  twist  per  inch  when  the  constant  for  twist  for  the  speed 
gear  is  .3367. 

Solution.—  22.223  •^  .3367  =  66.002,  or  practically  a  66-tooth 
gear.    Ans. 

10,  To  find  the  twist  to  be  inserted  in  a  certain  class  of 
yam,  the  square  root  of  the  counts  to  be  spun  and  the  stand- 
ard multiplier  for  that  class  of  work  must  generally  be  known, 
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in  which  case  the  square  root  of  the  counts  is  multiplied  by  the 
standard  multiplier.  .  The  standard  multiplier  varies  for  dif- 
ferent classes  of  work  and  kinds  of  cotton;  the  following  are 
not  absolute,  but  are  given  as  a  guide:  For  warp  and  filling 
yarns  spun  from  American  cotton,  3.76  and  3.25,  respectively, 
are  used;  for  Egyptian  cotton,  3.6  and  3.18,  respectively; 
and  2.75  for  filling  yarns  spun  from  sea-island  cotton.  For 
hosiery  yarns  the  multiplier  ranges  from  2.25  to  2.6,  as 
hosiery  yarns  are  softer  than  weaving  yarns  and  require  less 
twist.  Long  stock  does  not  require  as  much  twist  as  short 
stock,  nor  combed  stock  as  much  as  carded  stock.  In  many 
cases  the  constant  multiplier  is  given  with  each  order,  espe- 
cially with  those  for  hosiery  yarns. 

Example. — Find  the  standard  number  of  turns  of  twist  per  inch  for 
39s  filling  yarn  spun  from  American  cotton. 

Solution.—  \'39  =  6.244.  6.244  X  3.25  =  20.293,  standard  num- 
ber of  turns  of  twist  per  in.     Ans. 

If  carded  stock  is  being  used,  the  above  result  will  be 
increased  about  1  or  li  turns  per  inch;  thus,  20.293  +  1 
=  21.293  turns  of  twist  per  inch  for  carded  stock. 


DRAFTS 

11.  Draft  calculations  for  the  mule  are  performed  in  a 
manner  similar  to  that  employed  in  the  case  of  the  ring 
spinning  frame.  The  following  examples  illustrate  the 
methods  of  finding  the  total  draft,  constant  for  total  draft, 
size  of  change  gear  required  to  produce  any  desired  draft, 
and  the  draft  produced  by  a  certain  size  of  change  gear: 

Example  1.— Find  the  total  draft,  or  the  draft  between  the  front 
and  back  drawing  rolls,  according  to  the  data  given  in  Fig.  1. 

Solution.—    -  ,^-''-~  ^  =  8.626,  total  draft.    Ans. 
19  X  41  X  1 

Example  2.— Find  the  constant  for  the  total  draft  according  to  the 
data  given  in  Fig.  1,  considering  the  41 -tooth  gear  as  the  draft  gear. 

Solution.—      iu  J~i  \^  \     =  353.684,    constant    for    total    draft. 

Ans. 
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ExAMPLB  3. — Find  the  size  of  the  draft  gear  required  to  produce  a 
draft  of  8.626  when  the  constant  is  353.684. 

Solution.—    353.684  -?-  8.626  =  41.002,  or  practically    a    41-tooth 
draft  gear.    Ans. 

EXA.MPLB  4. — Fhid  the  draft  produced  by  a  41-tooth   draft  gear 
when  the  constant  is  353.684. 

Solution.—    353.684  +  41  »  8.626,  draft.    Ans. 


PRODUCTION 

12,  The  production  of  mules  may  be  found  in  three 
general  ways:  (1)  by  taking  into  consideration  the  number 
of  stretches  per  minute,  the  length  of  each  stretch,  the  number 
of  spindles  per  mule,  the  counts  of  yarn  being  spun,  and  the 
length  of  time  run;  (2)  by  using  indicators,  or  hank  clocks; 
(3)  by  keeping  an  account  of  the  weight  of  each  doff  for  a 
given  period,  adding  the  estimated  amount  on  the  spindles 
at  the  end  of  this  time,  and  deducting  the  amount  on  the 
spindles  at  the  beginning. 

13,  To  find  the  production  for  a  given  length  of  time 
according  to  the  first  method: 

Rule  I. — Divide  the  product  of  the  number  of  stretches  per 
minute^  the  length  of  each  stretchy  60  {the  numder  of  minutes 
per  hour),  the  number  of  hours  ru7i,  the  number  of  spindles  per 
mule,  and  the  number  of  mules  by  the  product  of  36  (the  num- 
ber of  ijiches  in  a  yard),  SW  {the  number  of  yards  in  a  hank), 
aJid  the  counts  of  the  yam  being  spun.  Usually  a  deduction  of 
about  10  per  cent,  is  made  for  stoppages,  such  as  doffing,  clean- 
ing, etc. 

Example  1. — Find  the  total  number  of  pounds  produced  in  a  week 
of  60  hours,  making  a  deduction  of  10  per  cent,  for  stoppages,  etc., 
by  6  mules  of  780  spindles  each.  The  yarn  being  spun  is  39s  and 
each  mule  makes  5f  draws,  or  stretches,  of  62  inches,  per  minute. 

5}  X  62  X  60  X  60  X  780  X  6        ,  --,   .^   ,,       .^   ^^^ 
SOLUTION. 36X840X-39 =  4.871.428   lb.     10   per 

cent,  of  4,871.428  =  487.142.     4,871.428  -  487.142  =  4,384.2861b.     Ans. 

To  find  the  production  for  a  given  length  of  time  accord- 
ing to  the  second  method,  that  is,  using  indicators: 
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Rule  II. — Multiply  the  number  of  hanks  per  spindle  pro- 
duced by  each  mule  by  the  number  of  spindles  in  that  mule  and 
divide  by  the  counts  of  yarn  being  spun  on  that  mule,  to  find  the 
number  of  pounds  produced.  To  find  the  total  number  of  pounds 
produced^  add  the  number  of  pounds  produced  by  each  mule. 
Usually  a  deduction  of  from  2^  per  cent,  upwards  is  made  lor 
waste ^  etCy  although  in  some  cases  the  indicators  are  constructed 
so  as  to  provide  for  this  allowarue. 

Example  2.— Find  the  total  number  of  pounds  produced  by 
6  mules  of  780  spindles  each,  making  a  deduction  of  3i  per  cent,  for 
waste,  etc.  The  hank  clock  on  each  mule  registers,  respectively, 
38.25,  37.5,  37,  37.25,  38.75,  and  38.5  hanks,  while  the  counts  of  the 
yarn  being  spun  are  39s. 

38.25  X  780       -^-  ,^ 


%S\J^\i 

xxvxv. — 

39 

=»  #Ut»  lU. 

37.5X780 
39 

=  750  lb. 

37X780 
39 

=  740  lb. 

37.25  X  780 
39 

=  745  lb. 

38.75  X  780 
39 

=  775  lb. 

38.5  X  780 
39 

=  770  lb. 

765  -f  750  -f  740  -f  745  -f  775  -f  770  =  4,545 

lb. 

3i 

per 

cent. 

of 

4,545  = 

159.075. 

4,545 

-  159.075  = 

4,385.925  lb. 

.  of  39s  yam. 

Ans. 

The  solution  of  the  previous  example  can  be  simplified 
somewhat,  as  there  are  the  same  number  of  spindles  in  each 
mule  and  the  same  counts  of  yam  being  spun,  although 
when  the  number  of  spindles  and  counts  of  yam  differ  this 
cannot  be  done. 

Rule  III. — Multiply  the  sum  of  the  hanks  per  spindle  pro- 
duced by  each  mule  by  the  number  of  spindles  per  mule  and 
divide  by  the  counts  of  the  yam.  The  usual  deduction  for  waste 
should  be  made. 

Example  3. —Same  as  example  2. 

Solution.—  38.25  -f  37.5  -f  37  -f  37.25  +  38.75  +  38.5  =  227.25. 
total   number  of    hanks.    ~^ck =  4,546  lb.    3J  per  cent,    of 
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4,545  »  159.075.    4,545  -  159.075  =  4,385.925,  total  number  of  lb.  of 
39s  yam.  Ans. 

To  find  the  production  for  a  given  length  of  time  according 
to  the  third  method: 

Rule  IV. — Find  the  total  number  of  pounds  doffed  for  the 
^ven  time^  add  to  this  the  estimated  number  of  pounds  on  the 
spindles  at  the  end  of  this  time^  and  then  deduct  the  number  of 
poufids  an  the  spindles  at  the  commencement  of  this  time. 

ExAMPLB  4.— Find  the  total  number  of  pounds  of  yarn  produced 
in  1  week  by  6  mules  that  have  produced  121  doffs  of  practically 
36  pounds  each.  At  the  end  of  the  week  there  is  approximately 
100  pounds  of  yam  on  the  spindles,  while  at  the  end  of  the  previous 
week,  or  the  beginning  of  the  week  under  consideration,  there  was 
71  pounds. 

Solution.—  36  X  121  =  4.356  lb.  doffed.  4,356  +  100  =  4,456. 
4,456  -  71  =  4,385  lb.  produced.    Ans. 

14.  Averagre  Counts. — It  is  frequently  necessary  to 
ascertain  the  average  counts  of  yarn  being  spun  by  a  num- 
ber of  mules  which  are  producing  yams  of  various  counts. 
This  may  be  accomplished  as  illustrated  by  the  following 
example: 

ExAMPLB. — Find  the  average  counts  of  yam  being  spun  in  a  mule 
room  if  the  mules  produce  5,834.40  poundsof  20s,  5,335.20  pounds  of  30s, 
2,026.44  pounds  of  30s,  1,082.64  pounds  of  44s,  and  1,837.68  pounds  of 
50s  per  week. 

Solution.—  583  4.4  0x20  =  11668  8.0  0 
533  5.2  0X30  =  16005  6.0  0 
202  6.4  4X39=  7903  1.16 
1  0  8  2.6  4  X  4  4  =  4  7  6  3  6.1  6 
183  7.6  8X50=  9  1  8  8  4.0  0 
1  6  1  1  6.3  6  rol  2  9  5.3~2 

495,296.32  -r  16,116.36  =  30.732s,  average  counts.    Ans. 

15.  To  find  the  number  of  yards  in  a  cop  of  any  counts 
of  yam  when  the  counts  of  the  yam  and  the  weight  of  the 
cop  are  known: 

Role  I. — Divide  the  product  of  the  weight  of  the  cop,  in 
grains y  840  (the  number  of  yards  in  1  hank),  and  the  counts  of 
the  yam  by  7,000  (the  number  of  grains  in  1  pound). 
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Example  1.— Find  the  number  of  yards  in  a  SaO-grain  cop  of 
39s  yarn. 

^  330X840X39       ,  _^^  ^     ,       . 

Solution.—     Yq^q =  1,544.4  yd.  Ans. 

To  find  the  number  of  stretches,  or  draws,  in  a  cop  of  any 
counts  of  yam  when  the  weight  of  the  cop,  the  counts  of  the 
yarn,  and  the  length  of  the  stretch  are  known: 

Rule  II. — Divide  the  product  of  the  weight  of  the  copy  in 
grains,  840  {the  number  of  yards  in  1  hank)y  36  (the  number  of 
inches  in  1  yard) ,  and  the  counts  of  the  yam  by  the  product  of 
7ftOO  (the  number  of  grains  in  1  pound)  and  the  number 
of  inches  in  one  stretch. 

Example  2. — Find   the  number  of  62-inch   stretches  required   to 

produce  a  330-grain  cop  of  39s  yam. 

Solution.— 

330X840  X  36  X  39       qo«  ^^q    *    .  u  a 
7;OOOX"62 =  896.748  stretches.    Ans. 


CHANGING    THE    COUNT8 

16.  Draft  Gear. — To  find  the  size  of  the  draft  gear 
required  to  produce  a  yarn  of  certain  counts  when  the  counts 
of  the  yarn  being  spun  and  the  draft  gear  in  use  are  known 
and  when  the  hank  of  the  back  roving  remains  the  same: 

Rule  I. — Multiply  the  counts  of  the  yam  being  spun  by  the 
draft  gear  in  use  and  divide  by  the  counts  of  the  yam  desired. 

Example  1.— Find  the  size  of  the  draft  gear  required  to  produce 
45s  yarn  when  39s  is  being  spun  with  a  41 -tooth  draft  gear.  The  hank 
of  the  back  roving  is  the  same  in  both  cases. 

39  X  41 
Solution. —    —  -at     '  —  35.533,  or  practically  a  36- tooth  draft  gear. 

Ans. 
To  find  the  size  of  the  draft  gear  required  to  produce  a 
yarn  of  certain  counts  when  the  hank  of  the  back  roving  is 
to  be  changed,  and  the  counts  of  the  yarn  being  spun,  the 
draft  gear  in  use,  the  hank  of  the  back  roving  being  used, 
and  the  hank  of  the  back  roving  to  be  used  are  known: 

Rule  II. — Divide  the  product  of  the  counts  of  the  yam  being 
spuuy  the  gear  beirig  used^  arid  the  ha7ik  of  the  back  roving  to  be 


§42  COTTON  MULES  13 

used  by  the  product  of  the  counts  oi  the  yam  required  and  the 
hank  oi  the  back  roving  being  used, 

ExAMPLB  2. — Find  the  size  of  the  draft  gear  required  to  produce 
45s  yam  with  a  6-hank  back  roving  when  39s  is  being  spun  from 
4.5-hank  back  roving  with  a  41-tooth  draft  gear.  The  back  roving  is 
running  single;  that  is,  one  end  per  spindle. 

39  X  41  X  6 
Solution.—       ...  ^^  .  -      =  47.377,  or  practically  a  47-tooth  draft 
46  X  4.5 

gear.     Ans. 

17.  Twist,  or  Speed,  Gear. — To  find  the  size  of  the 
speed  gear  required  to  give  the  proper  twist  for  any  counts 
of  yarn  without  changing  the  rim  pulley,  when  the  counts  of 
the  yarn  being  spun,  the  counts  of  the  yarn  to  be  spun,  and 
the  size  of  the  speed  gear  being  used  are  known: 

Rule. — Multiply  the  size  of  the  speed  gear  being  used  by  the 
square  root  oi  the  coufits  required  and  divide  by  the  square  root 
oi  the  counts  being  spun, 

ExAMPLB. — Find  the  size  of  the  speed  gear  required  for  45s  yarn 
when  39s  is  being  spun  with  a  66-tooth  speed  gear. 

Solution.—  V39  =  6.244;  V45  =  6.708.  --^^—  =  70.904,  or 
practically  a  7I-tooth  speed  gear.    Ans. 

18.  Rim  Pulley. — To  find  the  size,  or  diameter,  of  the 
rim  pulley  required  to  give  the  proper  twist  for  any  counts 
of  yam  without  changing  the  speed  gear,  when  the  counts 
of  the  yarn  being  spun,  the  counts  of  the  yarn  to  be  spun, 
and  the  diameter  of  the  rim  pulley  being  used  are  known: 

Rule. — Multiply  the  diameter  oi  the  rim  pulley  being  used 
by  the  square  root  oi  the  counts  required  and  divide  by  the 
square  root  oi  the  counts  being  spun, 

ExAMPLB. — Find  the  diameter  of  the  rim  pulley  required  for  45s 
yam  when  39s  is  being  spun  with  a  16-inch  rim  pulley. 

Solution.—  ^39  =  6.244;  V45  =  6.708.  — (j^—  =  17.188,  or 
practically  a  17-inch  rim  pulley.    Ans. 

19.  Builder  Gear. — To  find  the  size  of  the  builder 
gear  to  give  the  required  rate  of  movement  to  the  builder 
for  any  counts  of  yarn,  when  the  counts  of  the  yarn  being 
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spun,  the  size  of  the  builder  g^ear  being  used,  and  the  counts 
of  the  yarn  required  are  known: 

Rule  I. — Multiply  the  builder  gear  being  used  by  the  squart 
root  of  the  counts  of  the  yam  required  and  divide  by  iMu^ 
square  root  of  the  counts  of  the  yam  being  spun. 

ExAMPLB  1. — Find  the  size  of  the  builder  gear  required  to  spi-S 
45s  yarn  when  39s  yarn  is  being  spun  with  a  28-tooth  builder  gear. 

Solution.—     V45  =  6.708;    >/39  =  6.244.     ^^^:J^  =  30.08,      or 

D.Z44 

practically  a  30-tooth  builder  gear.    Ans. 

Rule  II. — Multiply  the  square  of  the  builder  gear  being  ir-ss^*^ 
by  the  counts  of  yarn  that  it  is  desired  to  spin  and  divide  ^^ 
the  coufits  of  yam  being  spun.  Extract  the  square  root  of  ^-^^ 
result  thus  obtained. 

ExAMPLB  2. — Same  as  example  1. 

Solution.—    ^-^^  =  904.615.      V904.615  =  80.077,  or  pra-^isr^^" 

cally  a  30-tooth  builder  gear.    Ans. 

Another  method  of  finding  the  size  of  the  builder  gear  C^^"^ 
any  counts  of  yarn  requires  that  the  constant  for  the  builA  ^^'' 
gear  shall  first  be  found. 


To  find  the  constant  for  the  builder  change  gear  when  t^-*-  ® 
length  of  the  screw  being  used  and  the  pitch,  or  number  ^^^* 
threads  to  the  inch,  in  the  screw  are  known: 

Rule  III. — Multiply  the  leyigth,  in  inches,  of  the  pari  of  f^^^^ 
screw  that  is  bei?tg  used  by  the  pitch  of  the  screw. 

Example  3. — Find  the  constant  for  the  builder  change  gear  wh^-^^ 
7i  inches  of  a  4-pitch  screw  is  being  used  during  the  formation  of 
set  of  cops. 

Solution. —         7.5  X  4  =  30,  constant.    Ans. 

To  find  the  size  of  the  builder  change  gear  required  fc 
any  counts  of  yarn  when  the  constant  for  the  change  gea 
the  weight  of  a  full  cop  of  yarn,  the  length  of  one  stretc 
and  the  counts  of  the  yarn  required  are  known: 

Rule  IV. — First  find  the  number  of  stretches  required  for 
full  cop  of  yarn  of  the  weight  and  counts  required,  and  tk 
divide  the  Jiujnber  of  stretches  required  by  the  constant. 
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ExAifPLB  4. — Find  the  size  of  the  builder  gear  required  for  a  62-inch 
'Stretch  mule  to  spin  a  330-grain  cop  of  45s  yam  when  the  constant  for 
the  builder  change  gear  is  30. 

Solution.—    ^^^!j^^^^^  =  1.034.709  stretches.    1,034.709 

/  ,UUU  X  vz 
-f  90  a  34.49,  or  practically  a  34-tooth  builder  gear.    Ans. 

NoTB. — It  will  be  seen  that  the  result  obtained  by  Rules  III  and  IV 
varies  somewhat  from  the  results  obtained  by  Rules  I  and  II.    Since, 
however,  the  proper  size  of  builder  gear  is  influenced  by  many  other 
Actors,  such  as  the  tension  on  the  yam  during  winding  (which  is  gov- 
erned by  the  amount  of  weight  on  the  counter  faller  and  the  action  of 
the  quadrant),  the  amount  of  twist  inserted  in  the  yam,  etc.,  no  rule 
will  give  absolutely  accurate  results.    Rules  for  finding  the  size  of  the 
bailder  gear  must   therefore   be   considered   as   giving   approximate 
Insults  only,  and  it  may  often  be  found  necessary  to  slightly  increase 
Of  decrease  the  calculated  size  of  the  builder  gear  as  the  case  may 
require. 

XTPB8,  ARRANGEMENT,  AND  DIMENSIONS 

20«  All  cotton  mules  can  be  divided  into  two  principal 
types — cam-sliaft  mules  and  longr-lever  mules.  Advan- 
tagfes  are  claimed  for  both  classes,  but  cam-shaft  mules  are 
more  largely  used.  In  general  arrangement  these  two  types 
of  mules  are  similar;  they  differ,  however,  in  the  construction 
of  -tlie  headstock.  All  makes  of  mules  of  either  class  are 
prfiiotically  the  same  in  principle  and  general  construction, 
differing  only  in  the  smaller  details,  motions,  etc. 

Tliese  classes  of  mules  may  each  be  divided  into  two  sub- 

cIsLSses — those  having  the  rim  pulley  at  the  back  and  those 

hgL^%rxxig  the  rim  pulley  at  the  side.     The  mules  are  built  in  this 

msLTiTieT  so  that  they  will  be  suitable  for  the  room  and  position 

in.  ^^^wtiich  they  are  to  be  placed.    In  a  mule  with  the  rim  pulley 

at    tJxe  back,  the  main  driving  shaft  of  the  machine  is  at  right 

ac&S'l^s  to  the  rolls  and  carriage;  while  in  a  mule  with  the  rim 

pi3.11^y  at  the  side,  the  shaft  runs  parallel  with  the  rolls  and 

ca.xTiage. 

^2  H.  One  especially  noticeable  feature  in  which  mules  are 
difip^  rent  from  most  cotton-yarn  preparation  machines  is  in 
ttm^lx-  relation  one  to  the  other  as  regards  arrangement. 
Tlzi^^y  are  usually  arranged  in  pairs,  with  the  carriages 
fsLc^lxng  each  other,  as  shown   in   the   plan   view   in  Fig.  2. 

S»— 13 
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The  headstocks  a  are  not  located  directly  in  the  center,  but 
are  placed  at  one  side,  as  shown,  so  that  they  may  overlap; 
this  saves  considerable  floor  space,  since  only  sufficient  space 
is  left  between  the  headstock  of  one  mule  and  the  carriage 
of  the  other  to  allow  the  mmdery  iaider^  or  muU  spinner,  as 
he  is  frequently  called,  to  pass  when  the  carriage  is  in  its 
extreme  putward  position.  This  arrangement  brings  the 
long  section  of  one  carriage  opposite  the  short  section  of 
the  other  and  aids  the  mule  spinner  in  the  performance  of  his 
duties  in  attending  to  the  running  of  the  mules.  The  creels, 
roll  beams,  and  carriages  are  shown  at  byC^,  and  d^  respectively. 


^ 


\K 


^ 


ISii 


Fic;.  2 

The  arrangement  of  the  mules  in  the  room  depends  mainly 
on  the  direction  in  which  the  shafting  of  the  room  runs,  the 
size  of  the  room,  type  of  mule  to  be  used,  the  total  number 
of  spindles  required,  the  length  of  the  mules,  etc.  When  the 
shafting  runs  lengthwise  of  the  room  and  the  mules  have 
the  rim  pulley  at  the  side,  they  usually  extend  lengthwise 
of  the  i«oom,  while  on  the  other  hand,  if  the  rim  pulley  is  at 
the  back,  they  extend  crosswise.  When  the  shafting  runs 
crosswise  and  the  mules  have  the  rim  pulley  at  the  side,  they 
extend  crosswise,  and  lengthwise  when  the  rim  pulley  is  at 
the  back. 

22.  The  dimensions  vary  with  the  make  of  the  mule,  the 
number  of  spindles,  the  gauge  of  the  spindles,  the  position 
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of  the  rim  pulley  (whether  at  the  back  or  at  the  side),  the 
length  of  the  stretch,  etc.  The  mule  under  consideration  is 
for  spinning  medium  counts  and  contains  780  spindles,  li-inch 
gauge.  It  occupies  a  floor  space  87  feet  long  and  11  feet 
wide,  while  a  pair  of  mules  of  the  same  size,  arranged  as 
shown  in  Fig.  2,  occupy  a  floor  space  87  feet  long  and  19  feet 
6  inches  wide. 

A  4i-inch  double  belt  is  used  to  drive  the  rim  shaft,  while 
Table  I  gives  the  diameter  of  the  various  bands. 

TABLE  I 


Bands 


Diameter 
Inch 


Rim 

Taking-in  friction 

Drawing-out      

Drawing-in 

Checking 

Quadrant 

Rewinding 

Scroll  and  back  shaft,  or  steadying 
Cop-bottom  governing  motion 

Squaring 

Spindle 


i 
i 

X 
a 

i 
i 
i 

i 

I 
I 


23.  The  horsepower  required  to  drive  a  mule  varies, 
especially  during  the  different  periods  in  its  actions.  It  is 
generally  estimated,  however,  to  be  about  1  horsepower  for 
every  100  to  110  spindles  for  coarse  counts,  110  to  120  for 
medium  counts,  and  120  to  130  for  fine  counts.  Generally 
speaking,  a  mule  of  about  700  spindles,  spinning  medium 
counts,  with  a  spindle  speed  of  about  9,000  revolutions  per 
minute,  under  favorable  conditions  will  require,  during  the 
drawing-and-twisting  period,  about  25  horsepower  for  the  first 
2  or  3  seconds  as  the  carriage  starts  out;  after  that  it 
decreases  to  about   10  or   12  horsepower  until  the  carriage 
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completes  its  outward  run,  when  the  horsepower  is  reduced 
to  about  1  or  li  until  backing  off  is  completed.  As  winding 
commences  and  the  carriage  starts  in,  the  power  required  is 
increased  from  1  or  li  to  about  3  horsepower.  This  contin- 
ues until  the  winding  Is  completed, when  the  power  is  decreased 
to  practically  nothing.  These  results  were  taken  from  actual 
tests  and  show  the  relative  amount  of  power  required  dtiriti£^ 
the  different  periods  in  the  action  of  the  mule;  they  will  not 
apply  to  all  mules,  however^  as  the  power  varies  considerably. 


CARE  OF  MI3XES  AND  MULE  ROOM 

24,  The  proper  care  of  the  mules  and  mule  room  is  imper- 
ative to  the  welfare  of  the  mill,  as  well  as  the  care  of  any  of 
the  previous  machines  required  for  the  manufacture  of  cotton 
yams-  The  mules  should  he  properly  and  thoroughly  oiled 
and  cleaned  at  regular  stated  intervals*  The  rolls  should  be 
properly  cared  for,  and  the  top  rolls  recovered  with  the  best 
of  material  as  soon  as  any  defects  develop.  Good  rolls 
are  very  essential  to  the  production  of  good,  even  yarn  with 
little  waste  and  also  to  a  large  production,  since  poor 
rolls  decrease  the  production  by  breaking  the  ends,  etc. 

The  belts  and  large  bands  should  be  cleaned  and  dressed 
at  regular  periods  to  prevent  slippage  and  excessive  wear, 
and  to  prolong  their  life  and  driving  power*  The  bands 
should  also  be  stretched  before  being  put  on,  so  as  to  pre* 
vent  slippage  through  the  band  stretching  excessively  and 
becoming  slack;  this  is  especially  advisable  in  connectidit 
with  the  rim  band.  Although  there  are  arrangements  for 
tightening  the  various  bands  when  they  stretch*  there  is  a 
limit  to  the  amount  of  slack  that  can  thus  be  taken  up;  con- 
sequently, it  is  advisable,  and  in  fact  necessary,  to  have  as 
much  of  the  stretch  taken  out  of  the  bands  as  possible  before 
they  are  put  on*  The  endless  bands  should  be  spliced  so 
that  they  will  be  very  little,  if  any,  larger  at  the  splice  than 
at  the  regular  diameter;  the  splice  should  also  be  fairly  long, 
so  that  any  slight  increase  in  diameter  will  be  gradual  and  so 
that  the  splice  will  not  give  while  the  bands  are  under  tension* 
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All  parts  should  be  properly  set  and  adjusted  to  act  at  the 
proper  time  for  the  counts  of  yarn  being  spun.  Care  should 
also  be  taken  not  to  have  an  excessive  or  insufficient  amount 
of  tension,  twist,  roll  delivery,  ratch,  or  gain.  The  spindle 
and  roll  speeds  should  not  be  too  high,  as  this  would 
be  a  detriment  to  the  production  of  first-quality  yarn. 
The  clutches  and  cone  frictions  should  be  carefully  adjusted 
and  cared  for.  Especial  care  should  be  given  to  the  leather 
coverings  on  the  faces  of  the  cones  of  the  frictions  to 
secure  proper  driving  of  the  various  parts. 


CAUSES  AND  REMEDIES  FOR  DEFECTIVE  YARN 
AND  COPS 

25.  There  are  many  causes  for  defective  yam  and  cops, 
thus  making  it  very  difficult  at  times,  especially  on  such  a 
complicated  machine  as  the  mule,  to  find  the  direct  cause  in 
any  special  instance,  as  there  are  a  number  of  conditions,  and 
in  some  cases  a  combination  of  conditions,  that  may  produce  a 
particular  defect.  To  find  the  cause  of  the  defect  is  usually  the 
most  difficult  part,  although  in  many  cases  it  requires  consid- 
erable skill  and  judgment  to  remedy  it,  especially  if  the  mule 
is  an  old  one  or  has  not  received  proper  care  and  adjustment. 

26.  Uneven  Yarn. — The  use  of  long-  and  short-staple 
cotton  together  is  frequently  the  cause  of  uneven  yarn; 
as  the  fibers  do  not  draw  properly  because  the  rolls  cannot 
be  set  to  accommodate  cotton,  the  staple  of  which  differs 
greatly;  this  can  be  remedied  only  by  using  cotton  of  a  more 
even  length.  When  uneven  back  roving  is  the  cause  of  this 
defect,  the  fault  must  be  corrected  in  the  picking  and  card- 
ing department,  if  it  does  not  lie  in  the  use  of  cotton  of 
uneven  length  of  staple.  If  there  is  too  much  twist  in  the 
roving,  thus  preventing  its  drawing  properly,  the  amount  of 
twist  must  be  reduced  until  there  is  only  sufficient  to  allow 
the  roving  to  unwind  from  the  bobbins  without  stretching 
and  breaking.  If  the  roving  does  not  unwind  properly  from 
the  bobbins,  on  account  of  their  motion  being  retarded,  it 
should  be  ascertained  if  the  skewers  are  properly  pointed  at 
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the  lower  ends,  the  steps  or  bearings  clean  and  in  goc^ 
condilion,  the  upper  ends  of  the  skewers  free  from  wast  ^ 
etc*,  and  that  one  bobbin  does  not  mb  against  another. 
that  is  neteshary  when  excessive  or  incorrectly  proportion 
drafts  are  the  cause  of  uneven   yarn,  is  to  properly  adju 
the  draft,  either  by  reducing  the  total  draft  or  by  alteri 
the  individual  drafts  so  that  the  front  one  will  not  be  t 
great  in  proportion  to  the  rear  one,  or  vice  versa.     For  ins 
cient  weighting  of  the  rolls^  the  amount  of  weight  shoul 
be  increased  sufficiently  to  cause  the  rolls  to  properly  gri 
and  hold  the  fibers,  but  the  amount  of  weight  should  not 
excessive.     Rolls  should  be  so  set  that  the  distance  betwee 
their  centers  will  only  slightly  exceed  the  average  length 
the  fibers;  poorly  covered  rolls  should  be  replaced  with  goo^ 
ones    and  the  others  re-covered.     When  top  rolls  becom*- 
grooved  they  should  be  replaced  by  good  rolls;  if    bottoi 
rolls  are  badly    grooved    they    should    be    repaired    imm 
dtately  if  possible,  but  if  this  cannot  be  done,  they  shoul 
be  replaced   with  good  ones,  and  the  others  sent  away  i 
be  re  fluted.     Bottom  rolls  that  have  worn  smooth  should  bi 
also  refluted  or  replaced  by  good    ones.      If  the   carriag 
is  out  of  true,  it  should  be  alined  parallel  with  the  drawin 
rolls,  and  the  bands  so  adjusted  that  it  will  be  parallel  ai 
all  times  throughout  its  outward  and  inward  runs. 

37.    Cut   Yam. — When  cut  yam  is  caused  by  excessiv 
drafts  with  wide  setting  of  the  rolls,  this  defect  can  he  over 
come  by  reducing  the  draft  and  setting  the  rolls  properly 
For  irregular  movement  of  one  or  more  of  the  bottom  rolls 
caused  by  a  gear  slipping,  a  new  key  should  be  put  in  th 
roll  shaft,  sleeve,  or  stud,  as  the  case  may  be*  to  prevent  th 
gear  slipping;  or  if  the  key  is  all  right,  the  fault  may  be  du^= 
to  a  nut  being  loose.     Gears  with  broken  teeth  should  b^^ 
repaired  or  replaced  with  perfect  ones  to  avoid  lost  motion^ 
When  a  roll  is  loose  at  the  connections,  either  the  entire  rolL 
or  a  portion  that  will  include  the  loose  connections  should, 
be  removed  and  the  connections  tightened  so  that  they  will 
be  perfectly  firm;  if  the  neck  is  broken,  either  the  entire  roll 
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or   ttie  portion  containing  the  break  should  be  taken  out  and 

rep>a.ired.     To  overcome  too  much  backlash,  or  play,  in  the 

roll     gears,  the  gears  should   be  set  so  as  to  mesh  more 

<3e^I>ly,  unless  the  teeth  are  worn  considerably,  when  new 

fi^estrs  should  be  used.     When  cut  yarn  is  caused  by  the  rolls 

beings  out  of  true,  poorly  covered,  or  insufficiently  weighted, 

or    by  the  top  rolls  being  out  of  line,  the  remedy  is  obvious. 

Sometimes  cut  yarn  is   the  result  of   the  winding  faller 

tiri locking  too  late,  since  there  will  not  be  enough  yarn  left 

t^c>    £orm  the  open  spirals  on  the  blades  of  the  spindles;  this 

Cd.n    be  avoided  by  the  proper  adjustment  of  the  bracket  for 

'U.rilocking  the  faller;  or  the  counter  faller  may  be  too  heavily 

"^^^igrhted,  thereby  producing  excessive  tension  on  the  yarn. 

Tho     carriage  may  strike  in  too  hard,  thus   causing    it   to 

ret>ound,  because  the  belt  is  too  tight,  in  which  case  one  that 

is    3.  little  longer  should  be  used;  the  keenness  of  the  hasten- 

i'^gr    motion  may  need  to  be  reduced,  or  the  checking  band 

'^^^a.y    need  to  be  tightened.     When  the  carriage  strikes  out 

t^oo  hard,  the  belt  should  be  shipped  earlier  if  it  remains  on 

^he    tight  pulley  for  too  great  a  time;   or  if  the  drawing-in 

bands  are  too  slack,  they  should  be  tightened. 

28.     Cockled,  or  Curled,  Yarn. — The  use  of  long-  and 
short -staple    cotton    together   is    sometimes    the   cause    of 
^oolcled,  or  curled,  yarn,  since  it  does  not  draw  properly. 
*ii   soniie  cases,  the  back  roving  has  too  much  twist  to  allow 
the  yam  to  draw  properly.     To  prevent  the  rolls  becoming 
^**y  and  sticking,  they  should  be  oiled  properly  and  at  regu- 
^^r  intervals;  and  if  they  are  clogged  with  waste  or  gummy 
^^^  it  should  be  removed  because  the  motion  of  the  rolls  will 
^^  irregular,  thus  conducing  to  improper  drawing.     Cockled 
y^i*ii   is  sometimes  caused  by  the  rolls  being  set  too  close 
^^d  damaging  the  fibers;  by  the  top  rolls  not  being  weighted 
P^^I>crly,  causing  slippage;  and  by  faulty  adjustment  of  the 
saddles.     Sometimes  the  roll  covers  become  loose,  necessita- 
tes: the  use  of  newly  covered  rolls. 

2S,     Kinky   Yarn. — If    the    spindles    are    inclined    too 
^"^ch  toward  the  rolls  for  the  counts  being  spun,  kinky  yarn 
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is  liable  to  resnlt;  this,  of  course,  may  be  remedied  ^  ^ 
chsLnginz  the  anj^le  of  the  spindles  so  thai  it  will  be  m»  .crxsoi 
acute,  thereby  preventins:  the  yam  slipping:  off  the  ends^^  ^s  i 
the  spindles  too  easily.  When  an  extra  amomit  of  ivm^  ^^ 
is  inserted  with  insufficient  tension,  the  tension  should  ^^  \ 
increased.  If  the  carriage  runs  out  too  slowly,  its  sp(^^^_^j^ 
should  be  increased  sufficiently  to  prevent  kinkins;.  Th^^  'p] 
bracket  for  unlocking:  the  faller  may  need  adjusting:  if  '  *  y 
faller  is  unlocking  too  early  at  the  end  of  the  inward  r  ,^  j^ 
It  may  be  necessary  to  increase  the  amount  of  tension  .^r^i  ( 
the  yam  during:  backing:-off  by  having:  the  fallers  weighted ^^^  ^ 
little  more  heavily  during  this  period;  or  perhaps  the  backirf  j^jq, 
off  chain  may  need  adjusting  so  that  the  fallers  will  co^iisi^qq. 
into  their  winding  position  more  quickly.  In  some  cases  '  •  jj 
rim  band  or  spindle  bands  may  need  to  be  tightened,  whK'-^jjjj 
in  other  cases  the  cylinder  may  be  slipping  and  reqtc^jQ^^ 
adjustment. 

30.  Overstrained  Yarn. — If  the  counter  faller  is  ^  . 
too  low,  it  may  snap  up  during  backing-off  and  strain           ^ 
yarn.     Sometimes  the  winding  faller  descends  too  rap^Crfcfln 
during  backing-off,  thus  producing  excessive  tension  on         ^^ 
yam,  in  which  case  the  backing-off  chain  must  be  adja^^^^^ 
so  that  the  faller  will  lower  more  slowly;    sometimes         ^jjg 
counter  faller  is  too  heavily  weighted.     If  the  quadran^     t  is 
set  too  far  forwards,  that  is,  too  near  the  front  of  the  ht^sad- 
stock,  it  sometimes  causes  the  yam  to  be  strained  as        the 
carriage  starts  on  its  inward  run,  because  the  speed  of       the 
spindles    will    be    excessive;    if    set    too    near    the   rear*      of 
the  headstock,  it  sometimes  causes  strain  on  the  yam  w^en 
the  carriage  has  almost  completed  its  inward  run,  beca^^iise 
more  than  the  required  amount  of  chain  will  be  unwotmd  fr^om 
the  winding  drum,  thereby  causing  the  spindles  to  rotate    '•oo 
rapidly.    If  overstrained  yarn  is  caused  by  the  carriage  be  xng 
out  of  true,  it  should  be  alined  and  the  bands  adjusted. 

3 1 .  Dirty  Yarn. — Dirty  back  roving  will  result  in  dl^c—^y 
yarn  and  for  that  reason  care  should  be  taken  that  the  rovi  ^^^g 
is  clean  when  it  comes  from  the  carding  department.     Dl:K^^y 
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creels,  dirty  traverse  i^uides,  dirty  rolls,  and  dirty  clearers 
will  also  cause  dirty  yarn;  all  these  parts  should  be  cleaned 
regfularly.  This  defect  may  be  the  result  of  too  copious 
or  too  frequent  oiling  of  the  spindles  and  other  parts^ 
causing:  the  oil  to  rise  and  be  thrown  off  on  to  the  yam,  etc* 
If  the  ceiling  and  hangers  are  cleaned  while  the  mules  are  tn 
operation,  the  dirt  is  liable  to  fall  on  the  yarn  or  on  the 
back  roving  and  be  carried  forwards  and  incorporated  with 
the  yam.  Fanning  or  blowing  the  dirt  when  cleaning  the 
roll  beam,  or  when  sweeping  and  cleaning  up  the  floor,  will 
also  cause  dirty  yarn. 

32.  Defective  Cop  Bottoms. — If  the  base  of  the  cop 
bottom  is  too  long,  it  can  be  shortened  by  lowering  the 
shoulder,  or  highest  portion,  of  the  builder  rail;  In  some 
cases  this  is  done  by  adjusting  the  builder  shoes,  while  in 
others  the  upper  portion  of  the  front  and  back  shoes,  or  the 
portion  used  during  the  formation  of  the  cop  bottoms,  must 
be  filed  so  that  the  starting  point  of  both  the  front  and 
back  studs  of  the  builder  rail  will  be  lower,  while  the  finishing 
points  remain  unchanged. 

If  the  base  of  the  cop  bottom  is  too  short,  it  can  be  length- 
ened by  raising  the  shoulder  of  the  builder  rail;  this  can  be 
accomplished  in  some  q^ses  by  adjusting  the  builder  shoes, 
while  in  others  the  upper  portion  of  the  front  and  back  shoes 
must  be  filed  so  that  the  starting  point  of  both  the  front  and 
back  studs  will  remain  unchanged,  while  the  finishing  point 
will  be  lowered.  The  filing  of  the  builder  shoes  or  builder 
rail  is  a  very  difficult  operation,  since  it  is  essential  that 
exact  accuracy  be  obtained,  and  should  never  be  attempted 
except  ixx  rare  cases,  and  even  then  only  when  no  other 
remedy  is  possible. 

33*  Ineofgreet  Chaite. — If  the  chase  of  the  cop  is  too 
long,  it  can  be  shortened  by  lowering  the  front  end  of  the  rail, 
by  turning  die  adjusting  ^crew  at  the  front  in  the  required 
directxoii.  This  decrease?;  the  height  of  the  <;houlder  of  the 
boikler  rail  so  diat  the  winding  faller  will  not  be  depressed 
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If  the  chase  of  the  cop  is  too  short,  it  can  be  lengthened 
by  allowing  the  winding  faller  to  be  depressed  more,  1d5 
increasing  the  height  of  the  front  end  of  the  rail;  this     ^^ 
accomplished  by  turning  the   adjusting   screw  at  the  frot^^ 
end  of  the  rail  in  the  required  direction  and  increases  tThe 
incline  of  the  long  portion  of  the  builder  rail. 

In  some  makes  of  mules,  the  adjusting  screw  for  alteri   ^"^8 
the  difference  in  height  between  the  two  ends  of  the  builcn^er 
rail  is  situated  at  the  rear  instead  of  at  the  front.     Wh^i^e^ 
this  is  the  case,  the  inner  end  of  the  rail  must  be  raised         to 
shorten  the  chase  and  lowered  to  lengthen  it. 

34.  Soft  Cops. — If  the  cops  are  too  soft,  this  may         be 
the  result  of  the  counter  faller  being  insufficiently  weight^^^d. 
If  the  spindles  do  not  revolve  fast  enough  during  windin^^g, 
the  action  of  the  nosing  peg  should  be  made  more  kee^^=n; 
that  is,  the  peg  should  be  made  to  depress  the  winding  chain      ^o 
a  greater  extent,  or  the  quadrant  screw  should  be  turned  ^^o 
as  to  lower  the  traveler,  or  nut,  slightly.     It  may  be  nec^  s- 
sary  to  tighten  the  backing-oflF  chain.     Sometimes  the  chas^ 

of  the  cop  must  be  increased  in  length.  Occasionally  ihe 
shoulder  of  the  builder  rail  becomes  so  worn  as  to  be  almost 
flat,  causing  the  cops  to  be  too  large  in  diameter,  in  addition 
to  being  soft;  in  this  event,  the  shoulder  should  be  repointed. 
Soft  cops  are  caused  in  some  cases  by  slack  rim  bands, 
slack  or  oily  spindle  bands,  and  by  the  cylinders  being  loose 
or  slipping;  the  remedy  in  these  cases  is  obvious. 

35.  Rldj?y  cops  may  be  caused  by  the  bowl  that  slides 
on  the  builder  rail  bein<^  so  worn  as  to  have  an  irregular 
outline;  this  can  be  remedied  by  using  a  new  bowl  or  by  hav- 
ing the  old  one  turned  down  so  as  to  be  regular.  lif  the 
hole  in  the  center  of  the  bowl  or  the  stud  on  which  the  bowl 
is  mounted,  is  worn,  a  new  bowl  or  stud  should  be  used  or 
the  old  ones  repaired  so  as  to  work  properly.  Sometimes 
the  bowl  reciuires  adjusting  so  that  the  whole  width  of  its 
face  will  rest  on  the  rail.  The  bowl  on  which  the  boot  leg 
rests  may  be  so  badly  worn  that  a  new  one  is  necessary;  or 
it  may  be  possible  to  repair  the  old  one,  as  in  the  case  of 
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^e  bowl  that  slides  on  the  builder  rail.     If  the  threads  of 


f 

I  itx^  builder  screw  have  become  worn,  a  new  screw  will  be 

I         jj^eded,  as  will  also  be  the  case  if  the  threads  are  burred  or 

^^Ijerwise  accidentally   damaged,  unless  the  screw  can  be 

^^sily  and  properly  repaired.     The  builder  screw  may  be  so 

ly^nt  that  the  nut  that  works  on  the  screw  will  bind,  in  which 

case  it  will  only  be  necessary  to  straighten  the  screw  so  that 

^e    nut    will    work   easily.     Sometimes   the   builder-screw 

threads  and  nut  are  so  clogged  with  hardened  oil  or  waste 

*         thsit   the  nut  cannot  move  freely;  a  new  builder-screw  nut 

;  jasty  be  needed  to  replace  one  that  is  worn  excessively  or 

^         dstrnSLged.      If  the   surface   of   the   builder   shoes   is   worn 

ij-i-egnilar,  it  will  be  necessary  to  either  use  new  shoes  or  file 

ttie    old  ones  carefully  so  as  to  produce  a  regular  surface. 

Time    winding  faller  may  not  work  smoothly  on  account  of 

biri^ing  in  some  of  the   bearings,  due   to  the  shaft  being 

b^nt  or  out  of  line  or  the  bearing  being  clogged,  too  small, 

or*    out  of  true;  sometimes  some  of  the  winding-faller  bear- 

ia^^s    are  worn  to  such  an  extent  that  the  shaft  does  not 

^n^c>x"'k  properly,  in  which  case  it  will  be  necessary  to  either 

r^j>a.ir  the  worn  bearings  or  use  new  ones.      All  of  these 

(i^f  ^cts  tend   to  irregularity  in  the  movement  of  the  wind- 

in^T     faller. 

^S^.     liOcklnfiT  of  Winding:  Faller. — To  alter  the  lock- 

XTX^     of  the  winding  faller,  the  shoe  for  the  loose  incline  is 

^j-^^^-ved  so  as  to  change  its  relation  to  the  front  shoe  of  the 

\c^T^  S  rail.     Moving  the  shoe  backwards  increases  the  angle 

^£     -the  loose  incline  and  thus  allows  the  faller  to  lock  later, 

^^^\x%\t  moving  the  shoe  forwards  produces  the  opposite  effect. 

37.  Adjustment  of  Catcli. — To  get  the  mule  on  the 
cat:<^^  better,  it  is  sometimes  necessary  to  reduce  the  keenness 
q{  the  belt-shipping  mechanism,  so  that  the  carriage  will  have 
sufficient  momentum  to  carry  it  outwards  the  full  length  of 
its  stretch.  At  other  times  it  is  necessary  to  have  less  of 
the  small  diameters  of  the  back-shaft  scrolls  operating  on 
the  bands,  so  that  the  carriage  will  be  drawn  out  to  the  stops 
properly;  while  at  still  other  times  it  is  necessary  to  adjust 
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the  front  stops  because  they  are  out  of  line  or  not  set  for- 
wards sufficiently  to  allow  the  carriage  to  be  locked. 

If  the  carriage  does  not  run  out  sufficiently  to  be  locked 
properly,  the  mule  is  liable  not  to  back  oflp,  as  the  backing- 
off  cone  friction  cannot  be  properly  thrown  in,  while  in  some 
cases  the  winding  catch  may  be  thrown  in  earlier  than 
required. 

38.  Slipplngr  of  Windings  and  Backlngr-Off  Catches. 

If  the  gears  or  pawls  are  worn,  or  if  they  slip,  the  winding 
and  backing-off  catches  are  liable  to  slip.  This  is  also  liable 
to  happen  if  the  pawls  are  not  set  properly;  if  the  springs 
are  too  weak  or  are  not  bent  correctly;  or  if  the  leather  friction 
pad  is  worn,  or  is  soaked  too  much  with  oil,  thus  causing  it 
to  loose  its  grip. 

39.  The  various  defects  with  their  remedies  that  have 
been  mentioned  are  the  more  common  ones,  but  there  are 
many  other  defects  that  are  occasionally  met  with.  Those 
given,  however,  will  serve  to  show  the  complexity  of  the 
mule  and  the  numerous  points  that  must  be  constantly  taken 
into  consideration.  • 

SPECIAL  MOTIONS 

40.  When  spinning  fine  counts,  and  sometimes  medium 
counts,  special  motions  or  motions  other  than  those  described 
in  direct  connection  with  the  mule  are  used,  in  order  to  pro- 
duce a  higher-grade  and  a  more  even  yam. 

41.  Twistlnj?  at  the  head  is  sometimes  advisable 
when  spinning  very  fine  counts.  This  allows  the  yam  to 
receive  more  twist  than  otherwise,  as  the  spindles  revolve 
for  a  short  length  of  time  after  the  carriage  has  completed 
its  outward  run  before  backing  off  is  allowed  to  take  place. 
A  definite  amount  of  twist  can  thus  be  inserted  when  it  is 
not  deemed  advisable  to  insert  it  all  during  the  outward  ran 
of  the  carriage. 

42.  Dwell,  or  antisnarliiigT)  motions  are  applied  to 
prevent  snarls  or  kinks  forming  in  the  yam  when  the  carriage 
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is  at,  or  near,  the  beam;  the  rolls  remain  inactive  for  a 
very  brief  period  just  as  the  carriage  starts  outwards,  thus 
Edlowing  the  yam  to  be  brought  under  a  slight  tension. 
Phis  motion  is  usually  automatic  and  adjusts  itself  so  as  to 
be  more  keen,  or  active,  as  the  cops  increase  in  size,  although 
some  very  efficient  ones  that  have  to  be  set  by  hand  as  the 
cops  increase  in  size  are  frequently  applied. 

43.  Roll-Delivery  Motions. — There  are  two  roll- 
delivery  motions;  one  acts  during  twisting  at  the  head 
and  the  other  during  winding.  The  object  of  the  first  is  to 
relieve  the  excessive  strain  on  the  yarn  that  would  be  caused 
by  its  contracting  in  length,  due  to  the  extra  amount  of 
twist.  The  object  of  the  second  one  is  to  relieve  the  yam 
of  any  excessive  strain  caused  during  winding,  and  also  to 
increase  the  production.  During  the  action  of  both  of  these 
motions  the  rolls  are  caused  to  revolve  very  slowly,  so  as  to 
deliver  a  few,  usually  about  two  or  three,  inches  of  yarn. 
The  exact  amount  delivered  depends  on  the  counts  of  the 
yarn,  the  amount  of  twist  inserted,  etc. 

44.  The  Jacklngr  motion  is  applied  in  some  cases  to 
stop  the  rolls  a  short  time  before  the  carriage  completes  its 
outward  run,  thus  allowing  the  yam  that  has  been  delivered 
and  twisted  to  be  stretched,  or  raiched,  as  it  is  frequently 
termed.  This  ratch  causes  the  yam  to  be  more  even,  as  the 
major  part  of  the  twist  runs  to  the  thin  places,  thus  allowing 
the  thick,  uneven  places  that  have  comparatively  little  twist 
to  be  drawn  to  a  uniform  size,  so  that  the  yam  is  compara- 
tively even,  both  in  diameter  and  twist,  throughout  its 
length.  This  aids  greatly  in  the  production  of  fine,  even 
yams.  The  amount  of  ratch  depends  on  the  counts  of  the 
yam,  the  quality  of  the  stock,  the  amount  of  twist  inserted, 
the  length  of  the  stretch  of  the  mule,  etc.,  but  it  seldom 
exceeds  3  or  4  inches. 

45.  Gain. — The  expression  grain  refers  to  the  excess 
speed  of  the  carriage  over  the  surface  speed  of  the  front 
drawing  roll  for  any  one  stretch.  The  amount  of  gain,  or 
increase,  in  this  case,  as  well  as  the  ratch  in  the  previous 
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case,  depends  on  the  counts  of  the  yarn  being:  spun,  etc. 
In  the  case  of  a  62-inch-stretch  mule,  the  rolls  might  deliver 
only  60  inches  of  yarn  while  the  carriage  was  moving  out- 
wards for  62  inches,  thus  making  a  gain  of  2  inches.  This 
has  a  tendency  to  even  the  yarn  after  the  order  of  the  jack- 
ing motion. 


TWISTERS 


INTRODUCTION 

1.  For  many  purposes,  yams  are  desired  that  have  a 
greater  strength  and  a  greater  resistance  to  friction  than  is 
found  in  single  yarns.  Since  a  single  yarn  consists  of  only 
one  strand  of  fibers,  it  is  liable  to  be  pulled  apart  if  subjected 
to  any  process  that  frays  its  surface,  or  in  which  a  strain  is 
brought  on  the  yarn  beyond  what  it  can  be  expected  to  sus- 
tain; when,  however,  two  or  more  single  threads  are  placed 
together  and  twisted  in  the  opposite  direction  to  that  in  which 
they  are  spun,  thus  forming  what  is  called  a  ply  yarn,  the 
tendency  to  fray  is  largely  reduced,  because  each  thread 
resists  the  tendency  toward  the  separation  of  the  fibers  in  the 
other  thread,  or  threads.  A  ply  yarn  composed  of  two  or 
more  single  yarns  has  considerably  more  strength  than  one 
single  yam  of  the  same  weight  as  the  ply  yarn;  that  is,  by 
making  a  ply  yarn  a  greater  strength  is  obtained  from  the 
same  weight  of  material.  Another  object  in  making  ply 
yams  is  to  introduce  ornament  by  the  use  of  colored  threads, 
making  what  are  known  as  tzvists^  or  grandrelles;  this,  how- 
ever, is  not  of  so  much  importance  as  the  first  object.  Ply 
yams  are  used: 

1.  In  weaving  for  warp,  filling,  and  extra  threads.  They 
are  chiefly  used  for  warp,  but  in  some  cases,  where  an  exceed- 
ingly strong  fabric  is  required,  the  filling  is  also  ply  yarn. 
The  reason  for  using  ply  yarn  for  warp  is  that  warp  yarn  has 
to  stand  a  greater  strain  than  filling  yarn  during  weaving,  as 
well  as  the  chafing  of  the  harnesses  and  reed.  This  is  more 
severe  on  the  ends  at  each  side  of  the  cloth,  Icnown  as  selvage 

For  notice  of  co^rizht,  sot  Page  immediaitly  following  the  title  page 
145 


TWISTERS 


§4S 


ends,  since  they  have  also  to  withstand  a  lateral  pull  toward  - 
the  center  of  the  cloth.  Cotton  fabrics  are  not  often  made 
with  ply  yarn  for  the  entire  warp,  bat  frequently  with  single 
yam  in  the  body  of  the  cloth  and  ply  yarn  for  the  selvages* 
For  ornamental  borders,  and  in  some  fabrics  where  extra 
threads  are  introduced,  such  as  figured  cloth ,  or  where  indi- 
vidual threads  have  an  unusual  strain  brought  on  them  in  the^ 
weaving  process,  as  in  leno  fabrics,  ply  yarns  are  used.  H 

2.     In  the  knitting  industry,  where  a  special  appearance  or    • 
feel  is  desired  in  the  knitted  fabric  that  can  only  be  obtained 
by  using  yams  with  two  or  more  threads  twisted  together, 
or  where  the  extra  threads  are  used  in  such  parts  of  the 
fabric  as  heels  of  socks,  where  unusual  wear  occurs,  and^_ 
where  a  ply  yam  is  therefore  desirable.  ■ 

3*     For  lace  making,  curtain  manufacturing,  embroideryi 
etc*!  in  which  it  is  essential  to  have  a  fine,  even  yarn  of  con- _ 
siderable  strength.  I 

4.  For  sewing  threads,  crochet  threads,  mending  yams, 
machine  twists,  seaming,  covering,  and  other  yarns,  in  which, 
as  they  have  to  pass  through  the  eye  of  a  needle,  either  in  a 
manual  or  power  process,  evenness  and  strength  are  very 
desirable  qualities. 

5.  For  twine,  string,  and  cord. 

6.  For  novelty  yams, 

2,     The  name  ply  yams  is  given  mdiscriniinately  to  all 

threads  that  are  composed  of  two,  three,  or -more  strands 
twisted  together  at  one  operation^  and  they  are  distinguished 
from  one  another  by  the  terms  two-ply,  three-ply.  and  so  on, 
which  are  applied  according  to  the  number  of  strands  form- 
ing the  ply  yarn.  Single  yams  are  usually  referred  to  by  that 
name,  but  are  sometimes  spoken  of  as  om-ply.  In  Europe, 
ply  yams  are  more  frequently  spoken  of  as  iaUtd  yaryn, 
and  the  terms  two-fold,  three-fold,  four* fold,  etc*  correspond, 
respectively,  to  the  names  two-ply,  three-ply,  foiur-ply,  etc. 
When  two  or  more  ply  threads  are  twisted  into  a  thread, 
they  are  spoken  of  as  mbkd  yarns.  In  the  sewing-thread 
trade,  the  word  cord  is  used  instead  of  ply;    thus,  six-cord 
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means  a  thread  with  six  ends  of  single  yams,  made  into 
^  thread  by  two  operations,  and  is  thus  a  cabled  yarn;  nine- 
^^rd  contains  nine  single  ends. 

Each  operation  of  twisting  is  sometimes  spoken  of  as  a 
^^  ^<^Z4f:  thus,  if  two  ends  of  60s  are  made  into  a  ply  yarn  it  is 
^c>ne  at  one  throw;  three  ends  of  this  ply  yarn  may  then  be 
^^^^de  into  cabled  yarn  by  another  operation,  or  throw,  thus 
^^oducing  60s  six-cord  by  two  throws.  Unless  otherwise 
^X^^cified,  the  statements  in  this  Section  refer  to  ordinary 
^^V  yarns  made  by  one  operation  of  twisting.  Except  in 
^P^ecial  cases,  the   direction  in  which    the    twist  is  inserted 

^^to    a   ply  yarn  is  opposite  to  that  in  each  of   the  single 

*-^>Teads  of  which  it  is  composed. 


PROCESSES    BEFORE    TWISTING 

3.     The  simplest  method  of  making  a  ply  yam  is  to  take 

^^o  or  more  single  yarns  in  the  form  in  which  they  leave  the 

Spinning  machine  and  double  and  twist  them  into  a  ply  yarn 

in  one  process,  on  a  machine  known  as  a  twister.    This  is  the 

Visual  method  of  making  pl}^  yarns  in  coarse  and  medium 

Xiumbers,  where  it  is  not  essential  to  have  exceedingly  high- 

Srade  work;  there  are  disadvantages  in  this  single  process, 

liowever:     (1)  Owing  to  the  fact  that  the  single  yarn  is  in 

the  form  of  a  cop  or  on  a  spinning  bobbin,  it  is  in  short 

lengths,  necessitating  frequent  replacement  of  bobbins  or 

cops  and  piecing  of  ends  at  the  twister.     (2)   Since  the  cop 

or  bobbin  constantly  diminishes  in  diameter  as  the  yarn  is 

unwound,  the  tendency  is  to  have  the  yarn  delivered  to  the 

twister  at  varying  tensions,  making  it  difficult  to  obtain  an 

evenly   twisted   ply    thread,   and   producing   a   faulty    yarn 

known  as  corkscrewed  yam.     (3)  As  the  yarn  has  not  passed 

through  a  winding  process  under  tension,  where  it  would 

have  broken  at  weak  or  bad  places,  such  breakage  occurs  at 

the  twisting  process.     (4)    In  case  one  end  breaks  when 

making  a   2-ply   yam,   the    other   thread   will   untwist   and 

also  break,  or'  in  the  case  of  a  3-ply  or  more,  the  tendency 

will  be  to  allow  the  yarn  to  pass  forwards  with  one  end  less 
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than  the  required  number  of  strands.     (5) 
breaks,  it  must  be  repaired  by  making  a  bunch  knot;  that    i^* 
tying  together  ends  that  each  contain  two  or  more  sin^^^ 
ends,  while  at  a  winding  process  only  two  single  ends  wo«-^^^ 
be  tied  together,  thus  making  a  smaller  knot. 

For  all  good  qualities  of  ply  yams,  it  is  now  custom^*- '•^^ 
either  to  first  spool  the  single  yarn  from  the  form  in  whict^»-     ^^ 
leaves  the  spinning  machine,  or  to  wind  two  or  more  ends  sL  ^^^^ 
by  side  in  the  form  of  a  spool  or  parallel  tube  at  a  spooli-^  ""^ 
or  donbler-winding  machine.     By  first  spooling  the  yarn, 
by  winding  two  or  more  threads  together  at  a  doubler-wir 
in^  machine  provided  with  a  stop-motiont  so  as  to  stop 
winding  in  case  one  of  the  single  threads  breaks  or  runs  ou-= 
the  yarn  is  put  up  in  a  much  more  satisfactory  form  to  twi 
from*  since  there  is  a  very  much  greater  length  than  in  ar 
form  of  single-spun  yarn  as  it  leaves  the  spinning  machin 
The  thread  has  passed  through  a  process  that  eliminate 
broken  ends  and  ends  so  weak  or  uneven  that  they  woul 
have  broken  at  the  twisting  frame;  it  also  gives  a  betU 
opportunity  of  attaching  broken  ends  together  without  tt 
formation  of  a  larger  knot  than  is  custom ary  at  the  twiste: 
The  extra  expense  of  this  process  is  compensated  for  by  tta»^  -^^^ 
better  quality  of  the  product  and  the  increased  production  c:^  -^ 
the  twister.     The  doiibler* winding  process  is  generally  use  ■ 
for  coarse  and  medium  yarns  where  a  high  grade  of  ply  yarr* 
is  required,  but  is  not  much  used  for  high  grades  of  very 
fine  ply  yarns,  as  for  example  number  100s  and  oven     Ira 
the  latter  case,  the  expense  of  doubler  winding  would  be 
very  great,  owing  to  the  small  weight  produced  per  day,  and 
as  the  twisting  machines  for  very  fine  yarns  run  slowly,  many 
of  the  defects  that  would  occur  in  fast-running  twisters  for 
coarse  and  medium  yarns  can  be  avoided. 

The  necessity  for  the  doubler-winding  process  is  eliminated 
in  some  cases  by  applying  to  the  twister  a  stop-motion  so 
constructed  as  to  stop  the  supply  of  yarn  to  any  one  spindle 
in  case  of  the  breakage  of  a  single  end,  thus  eliminating 
some  of  the  faults  that  are  avoided  by  the  use  of  a  doubler 
winder. 
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MACHINES    USED    BEFORE    TWISTING 


SPOOLERS 

4.  In  case  only  one  end  is  required  on  the  spool  that  is 
to  be  placed  in  the  creel  of  the  twister,  the  simplest  manner 
€z>£  obtaining  this  is  to  use  an  ordinary  vertical-spindle 
spooler,  which  can  be  arranged  to  wind  from  a  cop  or  a 
x-ing-spinning  bobbin.  The  yarn  is  wound  on  double-headed 
spools,  large  spools  being  used  for  coarse  yams,  and  small 
spools  for  fine  yams.  As  the  yam  is  wound  on  the  spool, 
it  is  traversed  alternately  upwards  and  downwards  from 
one  head  to  the  other,  with  a  speed  slightly  less  near  the 
center  than  at  each  end,  thus  producing  a  barrel-shaped  spool. 


DOUBLER-WINDING    MACHINES. 

5.  Where  two  or  morei  ends  are  wound  together  without 
any  twist  being  imparted,  in  such  a  form  as  is  suitable  for 
placing  in  the  creel  of  the  twister,  two  distinct  types  of 
machines  are  used:  (1)  the  drum  doubler  winder  for  winding 
two  or  more  ends  from  either  cops  or  bobbins  on  to  a 
double-headed  spool,  and  (2)  the  quick-traverse ^  ov  cross-wind- 
i^Sy  doubler  winder^  which  winds  from  cops,  ring  bobbins, 
skeins,  or  spools  either  on  to  a  paper  tube  in  cylindrical 
form,  known  as  a  parallel  tube,  or  cheese,  or  into  a  cone- 
shaped  form  of  cheese,  known  as  a  cone,  or  conical  tube. 
The  cone-shaped  form,  however,  is  seldom  made  for  twist- 
ing purposes. 

6.  The  doubler  drum  Tvlnder,  one  type  of  which  is 
shown  in  Fig.  1,  consists  of  a  dmm  shaft,  revolving  at  a  con- 
stant speed,  that  receives  power  directly  from  a  driving  shaft 
of  the  room,  and  to  which  are  attached  a  number  of  dmms; 
on  each  side  of  the  machine,  in  front  of  each  drum,  is  a 
swinging  frame  that  supports  a  wooden  spool,  on  which  the 
yam  is  wound.  Each  frame  is  independent  of  the  others 
and  holds  its  spool  so  that  the  barrel  of  the  spool  presses 
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covered  with  flannel,  through  a  guide  of  a  stop-motion,  not 
shown  in  Fig.  1,  and  then  up  and  around  a  pulley  near 
the  top  of  the  frame;  the  two  or  more  ends  that  are  being 
doubled  then  pass  downwards  to  and  around  the  wooden 
spool.  In  the  illustration,  yarn  is  shown  on  one  side  of  the 
frame  only,  three  ends  passing  to  each  spool.  Immediately 
before  passing  to  the  spool,  the  yarn  is  passed  through  a 
wire  guide,  there  being  one  guide  on  each  side  of  the  frame 
for  each  drum;  these  guides  are  attached  to  traverse  rods 
that  guide  the  yam  slowly  from  one  head  of  the  spool  to 
the  other,  so  that  it  is  built  up  evenly  in  layers  parallel  to  the 
barrel  of  the  spool.  Each  individual  thread  passes  through 
a  guide  of  a  stop-motion,  which  is  so  arranged  that  when 
the  thread  breaks  the  frame  in  which  that  particular  spool  is 
carried  is  thrown  from  the  drum  and  thus  the  spool  stopped 
until  the  end  is  replaced  and  connected  to  the  broken  part. 
The  machine  is  constructed  similarly  on  each  side,  so  that  each 
drum  serves  for  two  spools,  one  on  each  side  of  the  frame. 
The  creel  is  so  constructed  that  instead  of  cops,  filling- 
wind  ring-spinning  bobbins  may  be  placed  on  the  skewers 
and  the  yam  unwound  from  the  nose  of  the  bobbin;  or  the 
creel  may  be  changed  and  replaced  with  arrangements  for 
holding  skeins,  double-headed  spools,  cheeses,  cones,  taper- 
wound  spools,  or  any  other  desired  form  of  yarn.  The  wind- 
ing drums  are  customarily  7  inches  in  diameter,  and  for 
ordinary  numbers  and  qualities  of  yarn  are  run  at  such  a  speed 
as  will  wind  about  5,500  inches  of  yarn  on  each  spool  in  a 
minute.  The  machines  are  constructed  with  drums  and 
other  parts  for  spools  with  either  a  4-,  4^-,  5-,  or  6-inch 
traverse  between  heads,  and  are  made  in  various  lengths  from 
10  to  90  drums,  giving,  respectively,  20  to  180  spools  per 
machine.  A  machine  with  30  drums  intended  for  60  spools, 
each  of  4i-inch  traverse,  and  what  is  known  as  a  62-inch 
space  frame,  is  18  feet  long. 

7.  The  quick-traverse,  or  eross-Tvindlnpr,  doiibler 
'Winder  is  substantially  the  same  as  that  used  for  ordinary 
tube  winding.     The  simplest  form  of    these  machines   for 
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ordinary  winding  purposes  is  constructed  to  wind  onlj 
end  ol  yarn  on  to  a  paper  tube,  but  when  arranged  for 
doubier  winding,  any  number  of  ends,  from  two  to  twenty- 
four  (although  not  usually  more  than  six)  are  wound  togethen 
these  ends  lie  side  by  side  on  a  horizontal  paper  or  wooden 
tube  and  are  gradually  built  in  cylindrical  form  with  a  trav- 
erse ordinarily  not  greater  than  5  inches,  which  represent 
the  width  of  the  cheese;  the  cheese  is  sometimes  constnictei 
with  as  large  a  diameter  as  6  inches.  Occasionally,  for 
special  purposes  and  coarse  yarns,  these  machines  are  so 
constructed  as  to  build  a  cheese  as  large  as  8  inches  ia 
diameter,  usually  with  a  6-inch  traverse. 
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TWISTING    MACHINERY 


8.  The  twisting  process  may  be  performed  on  machines 
of  various  types,  depending  on  two  distinct  factors:  (1)  the 
condition  of  the  yarn  w^hen  it  is  being  twisted  and  (2)  the 
method  employed  to  insert  the  twist.  The  yarn  is  twisted 
in  two  conditions^ — wet  or  dry — giving  the  names  ti/ei  /wisUrs 
and  dfy  (wiskrs  to  the  two  types  of  machines. 

Yam  may  be  twisted  in  machines  involving  three  methods 
of  inserting  the  twist:  (1)  by  the  use  of  a  frame  with 
spindles,  rings,  and  travelers  on  the  principle  of  a  ring  spin 
ning  frame,  which  is  known  as  a  ring  (wisUr  and  is  the  mosi 
common  type  of  twisting  machine;  (2)  by  means  of  spindles 
and  flyers  on  a  machine  known  as  a  f/}'er  twister:  (3)  by  tlie 
use  of  a  machine  constructed  on  the  mule-spinning  principle* 
known  as  a  iwintr.  Other  points  of  difference  in  the  various 
methods  of  twisting  are  the  forms  in  which  the  single  yam 
is  delivered  for  twisting  and  the  forms  in  w^hich  it  is  removed 
from  the  twister.  Yam  may  be  twisted  from  cops,  spinning 
bobbins,  double-headed  spools,  parallel  tubes,  taper-w^ound 
spools,  and»  less  frequently,  conical  tubes*  It  may  be  twisted 
on  to  double-headed  twister  bobbins,  single-headed  twister 
bobbins^  either  wai-p-  or  filling-windj  or  cops* 
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As  ply  yam  is  used  for  innumerable  purposes,  different 
combinations  of  processes,  varying  constructions  of  machines, 
and  varieties  of  forms  from  or  to  which  the  yarn  is  twisted 
are  necessary;  this  gives  a  very  large  variety  of  organizations 
for  twisting  plants.  Some  of  the  most  common  and  simple 
arrangements  are  as  follows:  (1)  Twisting  from  cops  or 
spinning  bobbins  directly  to  the  twister  bobbin  at  one  process, 
(2)  spooling  to  double-headed  spools  and  twisting  directly 
from  these  to  the  twister  bobbin,  (3)  winding  two  or  more 
threads  on  a  parallel  tube  at  a  doubler-winding  machine  and 
twisting  directly  on  to  the  twister  bobbin,  (4)  twisting  from 
spinning  cops  on  to  a  twiner  cop.  The  first  three  arrange- 
ments are  used  in  connection  with  the  ring  or  flyer  twisters, 
while  the  last  is  commonly  adopted  when  the  twiner  is  used. 


RING  TWISTERS* 


CONSTRUCTION    AND    OPERATI.ON 

9.  The  machine  most  commonly  used,  for  tyvisting  is  that 
known  in  America  as  a  ring  twister  and  in  Great  feritain 
as  a  doubling  frame,  or  doubler.  The  object  pf  the 
twister  is  to  form  the  ply  yarn  by  .ihserUng'  a  sufficient 
amount  of  twist  in  the  required  direction  and  to  wind  the 
resulting  yarn  on  a  twister  bobbin.  Where  no  process  of 
doubler  winding  previous  to  twisting  is  used,  the  work  of 
doubling  is  also  performed  in  this  machine,  by  taking  the 
required  number  of  ends  from  the  individual  bobbins  or 
spools  placed  in  the  creel.  In  this  case  two  or  more  ends 
(usually  not  over  five)  are  twisted. 

When  the  spools  or  cheeses  from  a  doubler-winding 
machine  are  used,  customarily  the  yarn  from  only  one  spool 
or  cheese  is  taken  to  form  the  ply  thread,  since  it  contains 
the  necessary  number  of  ends  laid  together,  but  without 
any  twist  having  been  inserted.     It  is  of  course  possible 


*As  the  construction  of  ring  twisters  resembles  in  many  respects  that 
of  ring  spinning  frames,  students  of  this  Section  should  concurrently 
study  Ring  Frames, 
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to  take  ends  from  two  or  more  doubler-wound  tubes  or 
cheeses,  as  for  example,  when  making  4-ply,  two  ends 
might  be  wound  on  one  cheese  and  two  on  another  and  these 
conducted  together  so  as  to  make  a  4-ply  yarn;  but  this  is 
not  so  commonly  done  nor  is  it  as  satisfactory  as  to  wind  the 
requisite  number  oi  ends  on  one  cheese,  if  the  number 
required  is  not  excessive. 

10.  The  principle  on  which  the  ring  twister  is  con- 
structed and  operated  is  to  pass  the  yarn  between  rolls  and 
twist  it  by  passing  it  through  a  traveler  that  is  revolved 
rapidly  around  a  ring,  by  means  of  a  rotating  spindle  carry- 
ing a  bobbin;  the  difference  between  the  circumferential 
speed  of  the  bobbin  and  the  speed  of  the  traveler  causes  the 
twisted  yarn  to  be  wound  on  the  bobbin. 

The  twister,  in  general  appearance,  resembles  the  ring 
spinning  frame,  a  large  .joumber  of  ^ parts  and  motions  of 
which  are  duplicated  on  a  twister.  *^  A  knowledge  of  the  con- 
struction and  operatidb' bf  pin g^ Spinning  frames,  therefore, 
aids  considerably  in. studying  the  ring  twister.  Ring  twisters 
for  both  wet  and  dry  twisting  tir^'simllar  in  construction, 
with  the  exception  thai  in  the -wet  twister,  the  yarn  immedi- 
ately before  being  twisted  is  moistened  by  being  passed 
through  a  trough  containing  clean  water.  The  description 
of  one  twister,  therefore,  will  apply  to  the  other,  with  the 
exception  of  an  explanation  being  necessary  of  the  device 
for  moistening  the  yarn  in  the  wet  twister. 

Fig.  2  shows  a  view  of  a  dry  twister,  while  Fig.  3  is  a 
section  through  the  same.  The  full  bobbins  d  are  placed  in 
position  on  the  pins  c  in  the  creel,  and  the  ends  necessary  to 
produce  the  number  of  doublings  desired  are  passed  through 
the  stationary  guide  wire  ^,  between  the  rolls  /,  /„  /,, 
through  the  second  guide  wire  ^,,  through  the  traveler  ^, 
and  on  to  the  bobbin  ky  which  is  supported  by  the  spindle  /. 

11  •  The  creel,  which  in  this  case  is  of  the  type  known 
as  a  porcupine  creels  consists  of  a  number  of  upright 
frames,  or  supports,  a,  Fig.  3,  firmly  attached  to  the  cross- 
beams of  the  Sampsons  ;;/,  and  carries  a  number  of  rails  or 
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cross-pieces  b.  It  must  be  double-sided,  since  the  frame  has 
one  row  of  rolls  and  one  row  of  spindles  on  each  side,  thus 
forming  two  delivery,  or  producing,  sides.  The  number 
of  rows  of  cross-pieces  varies  according  to  the  number  of 
doublings  and  the  class  of  work  for  which  the  machine  is 
intended,  and  usually  ranges  from  two  to  eight.  It  is  better 
to  have  the  creels  constructed  with  the  maximum  number  of 
cross-pieces,  since  the  frame  is  then  equipped  for  doubling 
from  a  large  number  of  bobbins,  while  in  case  it  is  required 
to  double  from  only  a  small  number,  only  a  portion  of  the 
creel  need  be  used. 

In  Fig.  2,  only  a  portion  of  the  creel  is  shown,  while  in 
Fig.  3  the  upright  frame  is  broken  and  the  top  lowered  in 
order  to  show  its  constniction.  The  total  number  of  pins 
in  the  cross-pieces  varies  according  to  the  number  of  spin- 
dles in  the  twister  and  the  maximum  number  of  doublings 
for  which  the  frame  is  intended. 

The  porcupine  creel  is  the  style  generally  used  in  the 
United  States,  but  creels  can  be'Oon^tVJCCte.d  for  special  pur- 
poses in  other  forms;  as,  for  inafjince,  a'creel  for  doubling 
directly  from  cops,  in  which  rails  are  provided  with  sockets 
in  each  of  which  is  inserted  an  iron  or  wooden  skewer  carry- 
ing  a  cop  of  yarn.  Anothef  constjiiclion'^  is  to  have  the 
spools  revolve  on  a  horizontal  wooden  skewer  placed  in 
steps  as  in  a  warper  creel,  or  on  skewers  set  at  an  angle. 

12.  The  rolls  on  a  twister  are  of  the  simplest  form  of 
construction,  being  perfectly  smooth  and  round.  Their  only 
object  is  to  draw  the  yam  from  the  creel  and  hold  it  while 
the  twist  is  being  inserted,  and  as  they  are  not,  of  course, 
required  to  perform  any  drafting  operation,  only  one  line  of 
bottom  and  one  line  of  top  rolls  is  necessary;  more  com- 
monly, however,  the  dry  twister  has  two  lines  of  bottom  and 
one  line  of  top  rolls,  as  shown  at  /,  A,  /.,  Fig.  3.  The  top 
rolls  may  be  either  single-  or  double-boss  and  are  solid. 

13.  The  thread  boards  ;^  and  ^jcnide  wires  ^i  do  not 
require  a  detailed  description  as  they  are  of  common  con- 
struction.    The  boards  are  in  sections  and  are  hinged,  while 
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the  guide  wires  are  adjustable,  so  that  they  may  occupy  their 
proper  position  in  relation  to  the  spindles.     The  guide  wires 
serve  as  guides  and  retainers  for  the  yam  during  its  passage 
from  the  rolls  to  the  bobbins.     They  are  usually  made  ot 
steel  for  the  dry  twisters,  and  of   brass  or  enameled  iio^^ 
wire  for  the  wet  twisters. 


14.  Riu^s. — Two  general  styles  of  rings  are  used  c^^ 
twisters,  one  for  the  dry  and  the  other  for  the  wet.  Tho^^^ 
used  on  the  dry  twister,  known  as  the  flat-top  type,  resemb  ^^ 
very  closely  the  rings  of  a  ring  spinning  frame  except  th^^=^^ 

they  are  larger  and  arr:^^ 
inserted  directly  in  tl^i^^ 
ring    rail    instead   cz::^^ 
being  placed  in  a  rin    -•S 
holder.     The  ring  /,  S^  ^^ 
shown   in   position  i  .^^^ 
the  ring  rail  /  in  Fig.  ciS 
The  traveler,  ring,  an    J 
a  portion  of  the  ring  rar    - 
of  a  dry  twister  are  als"-  - 
shown   in   Fig.   4   (fl)^t 
The    ring  can    be   ac 
justed  within  ccrtaii 
limits  so  as  to  be  coi 
centric  with  the  spii 
die.    The  ring  used  oi 
the  wet  twister  is  gen 
erally   of    the   straight 
or  vertical  type;   it  i^ 
shown  in  position  in  the? 
ring  rail  with  traveler* 
mounted  in  Fig.  4  {h). 
The    rings    vary    in 
size    according  to  the 
kind  of  bobbin  to  be  used  and  the  work  to  be  produced,  as 
does  also  the  gaug^e  of  the  spindles.     The  spindle  gauge  is 
usually    1    inch    gfreater    than    the    diameter   of   the   rings. 
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T'able  I  gives  standard  sizes  of  rings  and  space  of  frames, 
that  is,  gauges  of  spindles  in  the  frames. 

15.  The  travelers  for  dry  twisters  are  small,  narrow, 
steel  clips  bent  in  the  form  of  a  semicircle,  with  two  inwardly 
projecting  lugs,  formed  by  the  two  ends,  that  fit  around  the 
ring  and  prevent  the  traveler  flying  off  when  it  is  revolving 
rapidly.  A  traveler  h  is  shown  in  position  on  the  ring/,, 
ng.  3.  Two  kinds  of  travelers  are  used  for  dry  twisting — 
^he  round-pointed  and  the  square-pointed.  Fig.  4  (a)  shows 
SL  square-pointed  traveler  h 
xnounted  on  the  ring  /». 

The  travelers  used  for  wet 
-twisting,  as  shown  in  Fig.  4  (^) , 
ciiffer  greatly  from  those  used 
:£or  dry  twisting;  they  are 
xisually  made  of  bronze  or  a 
^composition  of  metals,  so  that 
they  will  not  rust  from  the 
xnoisture  deposited  on  them  by 
the  wet  thread. 

16.  Ring  Rail.— The  gen- 
eral shape  of  the  ring  rail  of  a 
twister  is  shown  at  /,  Figs.  3 
and  4  (a)  and  (b)\  Fig.  4  {a) 
shows  the  type  generally  used  on  dry  twisters,  while 
Fig.  4  (b)  shows  the  rail  of  a  wet  twister.  The  rail  shown 
in  Fig.  4  {b)  is  reversible,  thus  allowing  it  to  be  turned  over 
when  the  upper  flanges  of  the  rings  become  badly  worn. 
This  method  of  construction  does  away  with  the  necessity  of 
removing  the  rings  from  the  rail  in  order  to  reverse  them. 
The  ring  rails  for  dry  twisters  are  usually  made  of  cast  iron 
or  steel,  while  those  for  wet  twisters  are  made  of  brass  or 
some  other  metal  that  will  not  rust. 

17.  The  spindles  used  on  a  twister,  shown  at  /,  Fig.  3, 
may  be  of  either  the  common  or  flexible  type,  as  desired. 
Most  of  the  latest  frames,  however,  are  furnished  with  the 
flexible  spindle,  since  it  can  be  run  at  a  higher  speed,  produces 
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Size  of  Rings 
Inches 
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Spindles 

Inches 
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4 
3* 

5 
4* 

3 

2\ 

4 

si 
si 

2 

3 
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better  work,  and  does  not  wear  out  as  quickly  as  those  of  the 
common  type.     The  spindles,  as  well  as  other  parts  of  tb® 
twister,  are  larger  than  similar  parts  of  the  spinning  fraxne, 
as  they  are  required  to  perform  heavier  work. 
The  number  of  spindles  in  the  length  of  the  frame,  that  is, 

the  total  number  on  both  sides. 
varies  from  64  to  240;  thias, 
in  a  64-spindle  frame  there  are 
32  spindles  on  each  side,  and  i^ 
a  240-spindle  frame  there  a^^ 
120  spindles  to  a  side. 

18,     Spindle   Brake.— f 

some  cases,  for  instance  whe 
heavy  spindles  and  large  \^\^^ 
bins  are  used,  a  knee,  or  friction 
brake  is  applied  to  each  spindle 
in    order   to    stop    the    spindl( 
from  revolving  while  piecing  up 
an  end.     Th's  brake,  which  is 
shown  at  A,  Figs.  3  and  5,  rests 
on  the  spindle  rail  /,.     When  it 
becomes  necessary  to  apply  ths 
brake,  the  knee  of  the  attendant 
is    pressed    against    the   outer 
face,   forcing  it  in   toward  the 
rail  and  causing  the  inner  arm, 
which  contains  a  friction  pad, 
to    come   in    contact   with    the 
barrel  of  the  spindle  and  thus 
prevent  its  revolving.    The  use 
of  this  brake  greatly  facilitates 
the    piecing    process,    since   it 
allows  the  use  of  both  hands  in  performing  the  operation. 

11).  Winding. — Builders  maybe  used  on  twisters  that 
will  build  bobbins  with  a  straight  wind  and  heads  of  equal 
si/.e,  Imj,^  0  ((i)\  bobbins  with  a  long  wind  with  .tapered  top. 
Fii;.  (')  (/>);  bobbins  .vith  a  long  wind  with  the  upper  head 
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srna.ller  than  the  lower  one,  Fig.  6  (c);  or  bobbins  with  a  fill- 
*^S  vrind,  Fig.  6  {d).  The  various  forms  of  winding  are 
7^t^rmined  by  the  motion  and  position  of  the  ring  rail,  which 

^  Actuated  and  controlled  by  the  builder,  through  the  lifter 

^^s.     Twisters  are  built  with  combination  builders  or  with 

^^^tnanent  builders.     A  perspective  view  of  a  combination 

Wilder  is  shown  in  Fig.  7   (a),'  while 'a  view  of  the  chain 

^^nection  between  the  builder  arm  and  the  lifting  arm  is 
^*^Ownin  Fig.  7  {d). 

The  shaft  /,  Fig.  7  (a),  is  driven  by  gearing  from  the  head 
^^d  of  the  frame  and  carries  two  cams,  one  of  which  s  is 
^^art-shaped,  while  the  other  ^i  contains  three  lobes.     Either 
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(a) 


(^) 


Fig.  6 


cam  can  be  used  by  so  adjusting  it  on  the  shaft  /  that  its  sur- 
face will  be  in  contact  with  a  bowl  s,  supported  by  the  builder 
arm  ^a.  In  Fig.  7  (a),  the  cam  s  is  in  use  and  Sx  is  inopera- 
tive. Tfie  builder  arm  is  centered  at  s*  and  carries  at  its 
opposite  end  a  rack  5,  that  receives  motion  from  a  worm  j.. 
This  worm  is  on  a  short  shaft  and  receives  motion  from  a 
ratchet  gear  u  operated  by  a  pawl.  The  rack  5,  carries  a 
stud  5ri  to  which  is  attached  a  chain  v  that  passes  upwards 
and  over  a  guide  pulley  z/i.  Fig.  7  (^),  and  is  attached  to  a 
quadrant  arm  v„  The  quadrant  arm  is  attached  to  a  shaft  w 
that  extends  across  the  frame  and  is  supported  at  each  side 
by  brackets.     Attached  to  the  central  part  of  this  shaft  are 
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two  weighted  levers  similar  to  w,  that  serve  to  almost  balaiv^^ 
the  ring  rail  as  it  rises  and  falls.  At  each  end  of  the  shai^  -^^ 


also  a  short  arm  rr,  that  carries  a  bowl  on  which  the  fcxDt 

of  the  lifter  rod  /,  rests. 
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As  the  cam-shaft  /,  Fig.  7  (a),  revolves,  the  cam  that  is  in 
)ntact  with  the  bowl  s,  will  revolve  slowly,  and  will  gradu- 
ly  force  down  the  bowl  and  consequently  the  outer  end  of 
le  builder  arm.  As  the  outer  end  of  the  builder  arm  is 
jpressed,  the  chain  v  will  be  drawn  down  and,  in  turn,  will 
aw  the  quadrant  arm  z/.,  Fig.  7  (d),  in  the  direction  of  the 
row,  thus  raising  the  outer  end  of  the  arm  ze;„  and  conse- 
ently  the  ring  rail.  When  the  highest  part  of  the  cam  has 
ssed  the  bowl,  the  excess  weight  of  the  ring  rail  over  that 

the  balance  weights  depresses  the  lever  ze;.,  Fig.  7  (d), 
asing  the  quadrant  arm  v,  to  swing  to  the  right  and  raise 
5  outer  end  of  the  builder  arm  5.,  Fig.  7  (a).  As  the  outer 
d  of  the  builder  arm  rises,  it  brings  with  it  the  rack,  ratchet, 
d  their  various  connections.  The  teeth  of  the  ratchet  come 
:o  contact  with  the  pawl  w,,  which  forces  the  ratchet  gear 
Dund  for  a  certain  distance,  thus  imparting  motion  to  the 
>rm;  this  forces  the  rack  to  the  right,  giving  a  shorter  lever- 
e  to  the  builder  arm  and,  consequently,  a  shorter  traverse 

the  bobbin. 
In  a  long  frame,  there  are  a  number  of  cross-shafts  similar 

w;  each  carries  the  weighted  levers  and  lifting  arms,  but 
ily  the  one  near  the  builder  carries  a  quadrant  and  chain 
nnection.     Each  cross-shaft  carries  a  vertical  arm  similar 

7v„  while  all  the  arms  are  connected  by  means  of  a  long 
d,  so  that  any  motion  imparted  to  the  arm  w,  is  trans- 
rred  to  the  others,  thereby  uniformly  raising  and  lowering 
le  ring  rail. 

By  using  either  cam  s  or  jj  and  making  necessary  adjust- 
lents,  various  forms  of  bobbins  can  be  made.     The  cam  s 

used  for  building  a  bobbin  with  a  long  traverse,  after  the 
:yle  of  Fig.  6  (a)  or  (r),  while  the  cam  Sx  is  used  for  build- 
ig  bobbins,  like  (d)  and  (d),  with  a  quick,  short  traverse. 

20,  Stop-Motion. — In  case  the  end  of  twisted  yam 
reaks  between  the  rolls  and  the  spindle  when  no  stop- 
lotion  is  used,  it  laps  around  one  of  the  rolls  until  cut  off 
nd  pieced  up  by  the  attendant.  Not  only  does  this  -cause 
aste,  but  the  laps  are  often  difficult  to  remove  and,   in 
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removing  them,  the  rolls  are  cut  or  marked;  sometimes  tl:"^^ 
end  will  lash  around  and  break  other  ends.  In  order,  ther^^- 
fore,  to  prevent  waste  and  avoid  defects,  stop-motions  slw — ^ 
sometimes  applied  to  prevent  any  more  yam  being  draw-*  a^ 
from  the  creel  after  an  end  breaks  at  the  front  of  the  machin^a^  • 
Machines  equipped  with  such  motions  can  sometimes  be  ri^K-  xa 
more  rapidly,  thus  increasing  the  production. 

A  simple  yet  effective  stop-motion  applied  to  drj;  twister —  s 
having  only  two  lines  of  rolls  is  shown  in  Fig.  8  (a)  and  {d  "Zy  - 
Fig.  8  (a)  is  a  perspective  view,  showing  the  position  of  th^K-^ 

various  parts  when  the  frame  is  running.     The  journal  a  c >  ^ 

the  top  roll  d  supports  a  metal  plate,  or  arm,  c  that  carries        ^ 


Fig.  8 


small  tonj^ue  r,  and  a  tension,  or  knock-off,  wire  c„  The- 
tension  wire  extends  outwards  from  the  arm  and  passes 
downwards,  carrying  at  its  opposite  end  an  eye,  or  loop,  for 
the  yarn  to  pass  through.  The  tension  of  the  yam  between 
the  bottom  roll  </  and  the  traveler  is  sufficient  to  hold  the 
entire  mechanism  in  the  position  shown  in  Fig.  8  (/?). 
When  the  yarn  breaks,  the  weight  of  the  wire  causes  it  to 
fall  downwards  until  the  tongue  r^  comes  in  contact  with  the 
rolls  and  is  fed  in  between  them;  this  raises  the  top  roll 
a-id  prevents  the  rolls  drawing  any  more  yam  from  the  creel 
for  that  set  of  rolls.     The   position   that  the  various  parts 
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y  when  the  stop-motion  has  acted  is  shown  in  the  end 
Fig.  8  (d).  The  lip  r,  prevents  the  tongue  being  fed 
g:h  the  rolls,  as  it  comes  in  contact  with  the  bottom  roll, 
bus  prevents  any  farther  downward  movement  of  the 
notion.  The  rear  portion  of  the  arm  c  can  be  extended 
to  show  above  the  rolls  and  thus  attract  the  attention 
;  operative  to  the  fact  that  an  end  is  broken, 
s  arrangement  is  most  effective  on  twisting  frames 
ig  2-ply  yarn,  since  if  only  one  end  of  single  yarn 
s,  the  other  end  untwists,  on  account  of  the  direction  of 
in  the  ply  yarn  being  customarily  opposite  to  that  of 
ngle  yarn,  and  thus  the  stop-motion  acts  in  case  either 
e  single  ends  breaks.  When  twisting  3-ply  or  more, 
lotion  is  only  effective  in  case  the  complete  twisted 
breaks,  and  does  not  detect  a  breakage  of  one  of  the 
ends  and  stop  delivery. 

Method  of  Wetting  the  Yarn, — The  only  point  of 
mce  in  the  construction  of  a  wet  and  a  dry  twister  is  the 
ation  of  a  contrivance  on  the  former  for  wetting  the 
immediately  before  it  is  twisted,  using  rolls,  guides, 
•avelers  constructed  of  suitable  material  to  resist  rust, 
Iso  a  different-shaped  ring  and  traveler.  The  object  of 
i  to  enable  the  single  yarns  forming  the  ply  yarn  to  lie 
closely  together,  thus  producing  a  more  solid,  smoother, 
ightly  stronger  yarn,  in  which  the  fibers  that  otherwise 
project  from  the  surface  of  the  thread  are  laid  more 
y  to  the  body  of  the  yarn  and  in  which  the  twist  that  is 
ed  se/s  better,  or  retains  its  position  better,  than  is  the 
with  dry-twisted  yarn. 

.  9  (a)  shows  a  section  through  the  apparatus  usually 
ed  on  American  frames  to  wet  the  yam.  The  number 
Is  necessary  to  form  one  strand  of  the  finished  yarn  are 
i  through  the  guide  wire  e,  under  the  glass  rod  «,  which 
emerged  in  the  water  in  the  trough  w„  over  the  glass 
,  which  is  situated  near  the  front  of  the  trough,  over 
round  the  top  roll  /,,  then  around  the  bottom  roll  /,  and 
jh  the  guide  wire  ^i,  which  is  situated  directly  over  the 
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indie.  The  trough,  which  may  be  built  in  either  short  or 
ig  sections,  is  usually  made  of  copper,  brass,  or  some  other 
5tal  that  will  not  rust,  and  is  situated  directly  back  of  the 
lis,  as  shown  in  the  figure.  In  the  frame  under  descrip- 
n  the  glass  rods  n,  n^  are  supported  by  brackets  similar  to 
It  shown  at  «,;  these  are  attached  to  the  bottom  of  the 
•ugh.  In  some  makes  of  frames  these  glass  rods  are  sup- 
rted  by  means  of  brackets  attached  to  a  long,  horizontal 
i  that,  in  turn,  is  attached  to  the  roll  beam,  or  in  some 
les  to  the  creel  stands. 

3ne  style  of  wet  twister,  used  in  the  so-called  English 
iem,  is  shown  in  Fig.  9.(^),  in  which  the  glass  rod  n  is 
>wn  passing  through  an  arm  n^  on  the  rod  n^,  which  also 
Ties  a  handle  «,.'  When  the  handle  is  pulled  forwards,  the 
iss  rod  is  pressed  down  almost  to  the  bottom  of  the  trough, 
i  the  frame  is  used  for  wet  twisting.  By  throwing  back 
5  handle  w„  the  glass  rod  is  raised  from  contact  with  the 
ter  and  the  frame  can  be  used  for  dry  twisting. 
The  wet  twister  used  in  the  Scotch  system  is  shown  in 
^.  9  (c).  In  this  case  a  shallow  trough  is  used,  immedi- 
;ly  above  which  are  placed  two  rolls.  The  yam  passes 
der  and  around  the  lower  roll  and  is  delivered  from  the 
>  roll;  both  of  these  rolls  are  mounted  on  arms  adjusted 
a  horizontal  rod  «.,  which  is  so  arranged  that  it  can 
partly  rotated  from  one  end  of  the  frame  and  the  rolls 
sed  or  lowered.  Only  the  lower  roll  comes  in  cou- 
rt with  the  water;  from  this  the  yam  absorbs  moisture, 
[lie  of  the  excess  being  pressed  out  by  the  weight  of  the 
per  roll. 

Both  the  English  and  the  Scotch  systems  provide  a  con- 
nient  arrangement  by  which  the  yam  can  be  taken  out  of 
;  water  instead  of  it  being  necessary  to  empty  the  trough 
len  the  twister  has  to  be  stopped  for  any  considerable 
igth  of  time. 

22.  Gearini;. — The  frame  under  description  is  driven 
rectly  from  a  pulley  on  the  main  shaft  of  the  room,  by  a 
It  driving  a  pulley  on  the  cylinder  shaft  of  the  machine, 
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which  should  make  about  1,000  revolutions  per  minute. 
Also  on  the  cylinder  shaft,  as  shown  in  Fig.  10,  is  the  cylin- 
der gear  p^  of  20  teeth,  which  in  this  case  is  considered  as 
the  twist  change  gear. 
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The   front  rolls  /,,  Fig.  8,  are  driven  from   the  cylinder^ 
gear  in  the  following  manner,  referring  first  to  the  gearingf 
on  the  right  in  Fig.  10.     The  cylinder  gear  /,  drives  the 
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driven  stud  gear,  or  jack-gear,  ^„  which  is  compounded  with 
the  driving  stud  gear  /,.  This  latter  gear  is  used  as  a 
twist  change  gear  on  this  frame  when  the  necessary  twist 
cannot  be  obtained  by  changing  the  cylinder  gear.  On  some 
makes  of  frames,  the  driving  stud  gear  p^  is  considered  as 
the  principal  twist  change  gear  and  altered  for  all  changes 
of  twist.  The  driving  stud  gear  drives  the  roll  gear  /, 
through  two  carrier  gears  A»  A-  For  the  left-hand  side,  the 
cylinder  gear^i  drives  the  driven  stud  gear/,,  which  is  com- 
pounded with  the  driving 
stud  gear  ^t,  which  in 
turn  drives  /,  through  the 
carrier  p..  On  the  shaft 
with  the  gear  /,  is  a  gear  f^. 
Fig.  11,  that  drives  the 
gear  /,  on  the  front-roll 
shaft,  while  on  the  same 
shaft  is  a  gear  /,  driving, 
through  a  carrier  gear, 
the  gear  A  on  the  back- 
roll  shaft.  The  gears  /,,  /, 
are  of  the  same  size,  and 
the  front  and  back  rolls 
are  of  the  same  diam- 
eter, so  that  the  surface 
speeds  of  both  rolls  are 
the  same. 

The  cylinder  p.  Figs.  3 
and  10,  which  is  8  inches 
in    diameter,    drives    the 
spindles  by  means  of  bands,  similar  to  /„  that  pass  around 
the  whorl  L  of  the  spindle  /. 

The  builder  receives  its  motion  from  a  sprocket  gear  q. 
Fig.  10,  that  is  compounded  with  the  carrier  gear  A-  The 
gear  q  drives,  by  means  of  a  chain  ^,,  the  sprocket  gear  ^„ 
which  is  fastened  to  a  short  shaft  on  which  the  gear  q^  is 
situated.  The  gear  q^  drives  the  gear  q^  on  a  short  shaft 
with  the  bevel  gear  ^.,  which  drives  another  bevel  gear  q^  on 
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the  angle  shaft  r.  The  angle  shaft  carries  at  its  opposite 
end  a  single-threaded  worm  r^  driving  a  worm-gear  r,  on  the 
shaft  with  the  cams  that  operate  the  builder  motion. 


CAIXJULATIONS 

23.  Twist. — The  only  calculations  that  are  of  impor- 
tance in  connection  with  twisters  are:  (1)  those  that  are 
useful  in  determining  the  twist  per  inch  inserted  in  ply  yam 
and  (2)  those  that  are  useful  in  determining  the  production 
of  a  twister.  As  there  are  no  draft  rolls  in  a  twister,  the 
subject  of  drafts,  of  course,  does  not  enter  into  any  calcula- 
tions. The  subject  of  twist  per  inch  is  a  very  important  one, 
both  the  calculation  necessary  to  determine,  with  a  given 
multiplier,  the  turns  per  inch  that  ought  to  be  inserted  in 
any  yarn  and  also  the  turns  per  inch  that  are  actually  inserted. 

Example  1. — Find  the  speed  of  the  cylinder  when  the  main  shaft 
of  the  room  makes  895  revohitions  per  minute  and  carries  a  30-inch 
pulley  driving  a  10-inch  pulley  on  the  cylinder  shaft. 

395  X  30 
Solution. —    —    —  =  1,185  rev.  per  min.  of  the  cylinder.     Ans. 

Example  2. — Find  the  speed  of  the  front  roll  of  the  twister  under 
description,  geared  as  shown  in  Figs.  10  and  11,  when  the  cylinder 
makes  1,185  revolutions  per  minute. 

Solution. — 

1.185X20X38X36        __  ^„_  .        ...       ^      „        ^ 
^1»)()  X  (xrvsli —  ^  83.388  rev.  per  mm.  of  the  front  roll.     Ans. 

Example  3. — Find  the  number  of  inches  delivered  per  minute  by 
the  front  roll  when  it  makes  83.388  revolutions  per  minute  and  is 
IJ  inches  in  diameter. 

Solution.—    83.388  X  U  X  3.1416  =  392.957  in.  per  min.     Ans. 

Example  4. — Find  the  speed  of  the  spindles  when  the  cylinder  is 
8  inches  in  diameter  and  makes  1,185  revolutions  per  minute,  the 
spindle  whorl  being  H  inches  in  diameter. 

Solution. — If  the  exact  diameter  of  the  cylinder  and  the  smallest 
diameter  of  the  whorl  are  taken,  accurate  results  are  not  obtained,  as 
some  allowance  should  be  made  for  the  diameter  of  the  spindle  band, 
which  is  usually  i  in.  The  most  correct  way  is  to  make  an  allowance 
for  this  both  on  the  diameter  of  the  cylinder  and  of  the  spindle  whorl, 
but  it  is  more  convenient  and  jsfives  sufficiently  accurate  results  to  use 
the  actual  diameter  of  the  cylinder  but  add  i  in.  to  th^  diameter  of  the 
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spindle  whorl  at  its  smallest  part.    This  is  the  practice  that  is  followed 
in  this  Section. 

1  185  X  8 
*    ..a =  6,8^4.545  rev.  per  min.  of  the  spindles.    Ans. 

Example  5. — What  is  the  twist  per  inch  being  inserted  in  the  yam, 
if  the  front  roll  delivers  392.957  inches  per  minute  and  the  spindles 
make  6,8^.545  revolutions  per  minute? 

Solution.—    6,8»4.545  -5-  392.957  =  17.545  turns  per  in.    Ans. 

Note.— Some  millmen  make  a  deduction  from  the  calculated  result  of  5  per  cent. 
to  allow  for  slippage  and  loss  in  winding,  but  this  should  not  be  done,  as  the  yam 
contracts  durinsr  the  process  of  twistins:  in  about  the  correct  proportion  to  com- 
X>ensate  for  such  slippagre. 

Example  6. — Find  the  twist  per  inch  being  inserted  in  the  yam  by 
figuring  through  the  gears  from  the  front  roll  to  the  spindles,  thus 
ascertaining  the  number  of  revolutions  of  the  spindles  per  inch  deliv- 
ered by  the  front  rolls. 
Solution. — 

36  X  90  X  120  X  8  ,^  e^c  *  :         a 

36X38-X  20  Xli  X^i^3ri416  =  ^^'^^  ^"^°^  ^'  ^°-     ^°^- 
ExAMPLB  7. — Find  the  constant  for  twist  by  figuring  through  the 
g^ears  from  the  front  roll  to  the  spindles,  adding  J  inch  to  the  diameter 
of  the  whorl  and  considering  Pi  as  the  twist  change  gear. 
Solution. — 

36  X  90  X  120  X  8  oxa  nni  *     *      a 

36x38XlXia^U  x'sliTe  =  ^-^^^  ^^°^'^°*-    ^°^- 
Example  8. — Find  the  twist  per  inch  being  inserted  in  the  yam 
with  a  20-tooth  twi^  gear,  if  the  constant  is  350.901. 

Solution.—    350.901  -^  20  =  17.545  turns  per  in.     Ans. 
Example  9. — Find  the  twist. gear  required  to  produce  17.545  turns 
per  inch  if  the  constant  is  350.901. 

Solution.—    360.901  -^  17.545  =  20,  or  20-tooth  twist  gear.    Ans. 

24.  It  is  an  important  matter  for  any  person  having 
charge  of  twisters  to  determine  the  correct  constant  for 
each  kind  of  twister  under  his  charge;  that  is,  each  twister 
that  is  geared  differently.  Since  the  constant  may  vary 
according  to  the  diameter  of  the  cylinder,  the  diameter 
of  the  whorl,  the  twist,  or  cylinder,  gear^».  Fig.  10,  the  stud 
gear^,,  or  the  diameter  of  the  front  roll,  a  great  many  tables 
might  be  made  to  show  the  twist  per  inch  that  would  be 
inserted  by  the  different  combinations  of  these  factors.  Each 
machine  builder  usually  supplies  a  table  showing  the  number 
of  turns  per  inch  that  are  put  in  by  using  each  different  size 
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of  change  gear  with  the  train  of  gears  and  the  sizes  of 
cylinder,  whorl,  and  front  roll  adopted  by  that  particular 
firm  of  builders.     The  overseer  in  charge,  however,  should 
be  careful  that  in  such  cases  the  table  in  question  is  not  used 
for  any  other  make  of  twisters  or  any  other  twister  made  by 
the  same  firm  if  the  number  of  teeth  in  the  train  of  gears  or 
the  other  particulars  differ  in  the  slightest,  since  this  would 
result  in  the  yarn  being  made  with  the  wrong  amount  of 
twist.     Each  overseer  canmake  a  twist  table  of  his  own  by 
ascertaining  the  necessary  particulars  from  the  frame  under 
his  charge,  working  out  the  constant  in  accordance  with  the 
method  given,  and  then  dividing  this  constant  by  each  size 
of  change   gear,  from  the  smallest  to  the  largest,  that  is 
likely  to  be  used;   thus,   for  example,  Table  II  has  been 
prepared  from  the  information  already  given  for  a  frattie 
geared    as    shown    in    Figs.    10    and    11,    using   a  38  sttid 
gear  at  A  and  A.  Figf-  10,  and  adding  h  inch  to  the  diameter 
of  the  whorl. 

TABLE  II 


Teeth  in  Cylinder 
Gear 

Twist 

i8 

19.494 

19 

18.468 

20 

17.545 

21 

16.709 

22 

15.950 

23 

15.256 

24 

14.620 

^5 

14,036 

26 

13.496 

27 

12.996 

28 

12.532 

29 

12.100 

Teeth  in  Cylinder 
Gear 

Twist 

30 

11.696 

31 

11-319 

32 

10.965 

•  33 

10.633 

34 

10.320 

35 

10.025 

36 

9.747 

37 
38 
39 
40 


9.483 
9.234 
8.997 
8.772 


25.     The  amount  of  twist  to  be  inserted  in  yarn  is  usual 
specified  by  the  buyer  of  the  yarn  by  means  of  a  multiplied 
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^hich  is  a  number  that,  when  multiplied  by  the  square  root 
^f  the  counts  of  the  single  yarn  to  which  the  ply  yarn  under 
Consideration  would  be  equal,  approximately  indicates   the 
^Urns  per  inch  to  be  inserted.     These  multipliers  vary  very 
largely*  since  they  are  determined  mainly  by  experience.     A 
buyer  of  ply  yarn  or  a  mill  using  ply  yarn  may  need  it  for  a 
pyj-pose  that  requires  the  yarn  to  be  full  and  softly  twisted, 
Or   it   ^ay  be  required  to  be  hard  and  firmly  twisted.     The 
Qjjj  J  tipsier  varies  for  yams  of  a  similar  name  when  used 
by    different  firms,  even  when  the  yarns  are  of  the  same 
Counts,  so  that  before  making  a  ply  yarn  for  sale  it  is  quite 
important  to  ascertain  what  twist  is  required.     The  range  of 
multipliers  is  from  2.5  to  6.5.     The  smallest  are  used  for 
mending  yarns,  knitting  yarns,  and  embroidery  yams,  since 
these    a^e  commonly  required  to  be  soft,  full  yarns;  larger 
niultil>liers  are  used  for  yams  intended  for  sewing  threads, 
white    tine  largest  are  for  such  yarns  as  those  intended  for  fish- 
ing la^ts,  macram^,  and  other  hard  twines,  harness  yam,  etc. 

Ex:>^-Ew«PLE  1. — Find  the  turns  per  inch  to  be  inserted  in  72s  2-ply, 
usinj^    J>    AS  a  multiplier. 

Sc>r-T:TTiON. — Considering  the  2-ply  yarn  as  a  single  yarn,  its  counts 
woulca      t3e 

72s  -^  2  =  36.     V:^  =  6.     6X5  =  30  turns  per  in.     Ans. 

E3k:  .A.  :2^iPLE  2. — What  twist  per  inch  should  be  inserted  in  85s  5-ply 
with     SL     multiplier  of  6? 

SOX-XJTION.— 

3Ss  4-  5  =  17.     Vi7  =  4.1231.     4.1231  X  6  =  24.738.    Ans. 

From  these  examples  it  will  be  seen  that  the  method  of 
arrixrir^gr  at  the  number  of  a  single  yam  that  would  be  equaU 
to  tla^  ply  yam  is  to  divide  the  counts  of  the  component 
sing-l^  yams,  by  the  number  of  ply,  as  for  example,  72s  -i-  2 
=  30s;  85s  -^  5  =  17s.  As  a  matter  of  fact,  in  each  case 
the  i>ly  yam  will  be  rather  coarser  than  this,  because  of  the 
con  tiT- fiction  in  twisting^;  but  it  is  not  customary  for  ordinary 
puri3oses  to  take  this  contraction  into  consideration. 

2  ^>  •       In  some  districts  in  the  United  States,  it  is  customary 
to  t:a.lce  as  a  multiplier  a  number  that,  when  multiplied  by  the 


28  TWISTERS  §45 

square  root  of  the  counts  of  the  singfle  yam  used  to  form 
the  ply  yam,  gives  the  turns  per  inch  in  the  ply  yam;  this 
is  also  a  common  method  in  Europe.  It  is  therefore  always 
important  to  understand  whether  a  multiplier  is  to  be  con- 
sidered as  multiplying  the  square  root  of  the  counts  of  the 
single  yam,  forming  the  ply  yam,  or  of  a  single  yam  that 
would  be  equivalent  to  the  completed  ply  yam,  since  in  the 
latter  case  the  multiplier  is  larger  than  in  the  former. 

Example. — What  multiplier  would  be  used  with  which  to  multiply 
the  square  root  of  the  single  yam  in  order  to  give  30  turns  per  inch 
in  2-ply  72s? 

Solution.—     V72  =  8.485.    30  -^  8.485  =  3.5.    Ans. 

The  multiplier  in  this  case,  3.5,  when  multiplied  by  the 
square  root  of  the  counts  of  the  single  yams  forming  the  ply 
yarn,  gives  30  turns  per  inch,  just  as  the  multiplier  5  gave 
30  turns  per  inch  in  a  previous  example  when  multiplied  by 
the  square  root  of  36,  which  was  considered  as  the  counts  of 
a  single  yarn  equivalent  to  2-ply  72s. 

27.  Production. — As  twisters  are  not  provided  with 
hank  clocks,  the  production  is  generally  figured  directly  from 
the  front  roll,  which  gives  only  a  theoretical  production. 

Rule  I.  —  To  fhid  the  number  of  hanks  per  spindle y  multiply 
the  number  of  inches  delivered  per  yninute  by  the  total  nu?nber  of 
minutes  run,  and  divide  the  product  thus  obtained  by  the  number 
of  yards  per  hank  multiplied  by  36  (the  7iumber  of  inches  per 
yard).  From  this  calculated  production,  a  certain  perceniaj^e 
should  be  allocved  for  stoppages. 

4  Example  1.— If  the  front  roll  delivers  392.957  inches  per  minute. 
what  is  the  production  for  1  weeiv  of  60  hours,  allowing  6  per  cent. 
for  stoppages? 

Solution.—     -  .  ^-„  =  46.780  hanks  per  spindle  per  wk. 

rViU  X  »'t) 

M  X  46.7S0  =  43.973  hanks.     Ans. 

The  allowance  of  G  per  cent,  in  this  example  is  not  accu- 
rate for  all  kinds  of  twisting,  for  this  varies  from  5  to  20  per 
cent.  'J'he  allowance  is  intended  to  compensate  for  the 
amount  of  time  lost  in  stopping  the  frame  for  doffing:  and 
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various  other  purposes.  It  is  least  in  the  case  of  fine  yams, 
as  the  frames  do  not  require  doffing  so  frequently,  and 
greatest  in  the  case  of  coarse  yarns.  It  is  also  greater 
when  several  single  yams  are  being  twisted  than  when  2-ply 
yarns  are  being  made.  For  example,  the  allowance  for 
6/2  is  usually  14  per  cent.;  for  6/3,  15  per  cent.;  for  6/4, 
17  per  cent.;  and  for  6/6,  20  per  cent.  For  number  20s,  the 
allowances  are  10  per  cent.,  11  per  cent.,  12  per  cent.,  and 
13  per  cent,  for  2-,  3-,  4-,  and  6-ply,  respectively.  For  40s, 
the  allowances  are  6  per  cent,  for  2-ply,  7  per  cent,  for  3-ply, 
and  8  per  cent,  for  4-  or  6-ply;  for  number  80s,  4  per  cent. 
for  2-ply,  5  per  cent,  for  3-  and  4-ply,  and  6  per  cent,  for 
6-ply.  This  allowance  should  not  be  confused  with  an  allow- 
ance sometimes  made  for  slippage,  which  is  an  entirely 
different  matter. 

Rule  II. — To  {ind  the  7iumber  of  pounds  per  spindle ^  divide 
the  number  of  hanks  per  spindle  by  the  resultant  counts. 

Example  2.— If  a  frame  produces  43.973  hanks  per  spindle  per 
w^eek,  what  is  the  production  per  spindle  in  pounds  if  two  strands  of 
40s  are  twisted  together? 

Solution.—  40  -^  2  =  20s,  resultant  counts.  43.973  -^  20  =  2.198  lb. 
per  spindle  per  wk.    Ans. 

28.  Floor  Space  and  Power. — The  floor  space  occupied 
by  twisters  depends  on  the  number  of  spindles  in  the  frame 
and  the  space  between  the  spindles,  or  the  gauge  of  the 
frame.  The  number  of  spindles  varies  from  64  to  240,  one- 
half  being  on  each  side  of  the  frame;  the  regular  sizes  con- 
tain either  180,  208,  or  240  spindles.  The  sizes  of  rings 
gfenerally  used  and  the  corresponding  gauges,  or  spaces 
between  the  centers  of  the  spindles,  are  given  in  Table  I. 
The  total  length  of  a  twister  may  be  ascertained  by  multi- 
plying the  gauge  by  the  number  of  spindles  on  one  side  of 
the  frame,  converting  the  result  into  feet  and  inches,  and 
adding  2  feet  in  case  driving  pulleys  with  2i-inch  face  are 
used,  for  the  extra  space  required  for  the  head  end  and  foot 
end  of  the  frame.  A  frame  with  180  spindles,  2i^-inch  rings, 
and  3i-inch  gauge  occupies  28  feet  3  inches. 
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The  width  of  a  twister  ranges  from  3  feet  3  inches  to  3  feet 
6  inches;  the  parts  resting  on  the  floor  occupy  about  3  feet 
2  inches  in  width,  but  the  ring  rail  projects  beyond  this  on 
eilher  side,  a  rail  with  large  rings  projecting  farther  than 
one  with  small  rings.  Thus  the  width  of  a  twister  depends 
somewhat  on  the  size  of  the  rings. 

Twisters  require  approximately  1  horsepower  for  each 
60  spindles,  although  this  varies  according  to  the  weight  of 
the  spindle,  the  size  of  the  ring,  and  the  material  being 
twisted.  The  driving  pulleys  for  the  end  of  the  frame  are 
made  in  various  diameters  from  10  to  20  inches,  and  are 
usually  21  inches  in  width,  although  frames  maybe  supplied 
with  2j-inch,  3-inch,  3a-inch,  or  wider,  pulleys,  depending 
on  the  length  of  the  frame  and  the  consequent  amount  of 
power  required  to  be  transmitted. 


FL.YER  TWISTING  FRAMES 

29.     The  older  method  of   twisting   yarns  was  to  use 
a  flyor  twisting  frame,  and  although  this  has  been  sup- 
planted to  a  great  extent  by  the  ring-twisting  process,  it  is 
still  used  in  some  districts,  especially  for  coarse  work  i^ 
cotton,  such  as  crochet  yarns,  harness-making  yams,  yaftis 
for  fishing  nets,  etc.,  and    also    for   yarns    from   materi^^^ 
that   are   unusually  heavy,   such    as    linen,  hemp,   and  y'^^^ 
yarns.     For  coarse  yarns,  it  is  not  possible  to  obtain  a  st*-"^' 
cient  drag  on  a  ring  frame  to  insure  the  insertion  of    ^-"^ 
proper  amount  of  twist  and  regular  winding.     Flyer  twisti-  ^^ 
frames  do  not  differ  in  any  material  points  from  ring  tw:^-^ " 
ing  frames  except  in  the  spindle  and  connected  parts     '^^ 
inserting  the  twist  and  winding  the  yam  on  the  bobbin    — 

Those  parts  that  differ  from  ring  twisters  are  shown  ^ 
Fij:r-  1-'  ^^"d  consist  of  a  spindle  a  driven  in  the  usual  vr^^^ 
from  the  main  cylinder  of  the  frame  by  means  of  a  ba^  ^ 
running  to  a  whorl  on  the  spindle,  which  is  considerat:^'^ 
lonj^er  than  a  rino-twistcr  spindle  and  of  a  common  ty^"^^' 
without  any  j^M-avity  arrangement.  Screwed  on  its  upper  e  "^^ 
is  a  two-armed  flyer  d,  the  end  of  each  arm  is  curved  into  ^ 
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flyer  eye  ^,.  In  order  to  enable  the  flyer  to  be  securely 
attached  to  the  spindle,  the  latter  has  a  screw  thread  cut  into 
its  upper  end,  corresponding  to  the  threaded  part  of  the  flyer. 
Tie  yarn  delivered  from  the  guide  c  in  the  thread  board  r, 
is  passed  several  times 
around  one  of  the  arms  of 
the  flyer  b  and  thence 
^j-ovigh  the  eye  bx  and  on 
to  ^^^  bobbin  d.  Twist 
fg  iriserted  by  the  rev- 
olution of  the  flyer,  and 
f|j^  yam  wound  on  the 
jj^l>toins  by  their  motion 
\y^\xx  S  retarded  in  either  of 
l^^c>  ways.  The  method 
^^c>:pted  in  Fig^.  12  makes 
use  of  a  continuous  drag 
ba.n^^  ^  ^^^^  ^^  pegs  sim- 
ilsLf  ^o  the  peg  e^  in  the 
TSL%^  and  passing  alter- 
j^a^t^Iy  to  the  left  and  right 
Qf  the  bobbins,  resting 
ixx  grooves  d^  provided  in 
them  for  this  purpose;  by 
properly  adjusting  this 
drag:  any  desired  tension 
may  be  obtained,  in  order 
to  -wind  the  yarn  as  it  is 
twisted.  Sometimes  sep- 
arate drag  bands  are  provided  for  each  spindle  with  a  separate 
dragf  weight  attached  to  each  band. 

Flyer  twisting  frames  run  much  heavier  than  ring  twisting 
frames,  thus  absorbing  more  power;  they  may  be  made  for 
either  wet  or  dry  twisting. 


Fig.  12 
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TWINERS 

30.  A  common  method  of  making  c9tton  ply  yarns  in 
Europe  is  to  twist  them  on  a  machine  somewhat  resembling 
the  spinning:  mule.  This  is  not  used  to  any  extent  in  the 
United  States  and  no  detailed  description  is  necessary. 
There  are  two  systems  of  twining,  known  as  Yorkshire 
twming  and  French  twining.  In  both  cases  the  cops  of  yam 
to  be  twisted  are  placed  in  a  creel  on  skewers,  so  arranged 
as  to  allow  the  yam  to  unwind  over  the  nose  of  the  skewer, 
passing  through  suitable  drag  apparatus  to  allow  it  to  be 
unwound  only  at  the  required  rate;  the  ends  are  twisted,  as 
in  a  mule,  by  the  revolution  of  the  spindle,  on  which  the  ply 
yarn  is  wound  in  cop  form.  During  that  portion  of  the 
process  when  the  yarn  is  actually  being  twisted,  the  yam 
coming  from  the  creel  is  held  firmly  by  a  compressing 
arrangement,  which  enables  the  twisting  to  be  performed 
evenly  and  without  snarling  the  yarns. 

In    the   Yorkshire    system   of   twining,  the    spindles  ate 
stationary,  the  creel  traveling  alternately  to  and  from  the^» 
which  is  the  exact  opposite  of  the  system  adopted  in  m*:^^^ 
spinning  for  single  yarns.     In  French  twining,  the  creel     ^^ 
stationary  and  the  carriage  containing  the  spindles  trav^^^' 
as  in  the  case  of  mule  spinning. 

Twiners  are  constructed  with  from  800  to  900  spind^^^^ 
each,  which  absorb  considerably  less  power  than  the  sa^c^^ 
number   of   either  ring-  or  flyer-twister  spindles.     On  x^^^^ 
other  hand,  twiners  require  more  skilled  help  and  occu — -^P^ 
much  more  floor  space  than  twisters. 


MANAGEMENT 

31.  The  management  of  twisters  involves  the  usc::^^^ 
attention  to  cleaning,  oiling,  and  adjustment  required  '^^ 
most  textile  machinery,  although  as  the  construction  of  ^ 
twister  is  simple,  there  are  not  so  many  points  of  adju^^^^' 
ment,  the  absence  of  drawing  rolls  especially  reduci^cr^fi' 
the    number. 
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32.  oiling. — In  those  frames  where  the  spindles  have 
oil  reservoirs,  the  reservoirs  should  be  replenished  with 
oil  every  2  or  3  weeks.  Other  constructions  of  spindles 
should  be  oiled  oftener,  varying:  from  daily  for  flyer-twister 
spindles  to  weekly  for  common  ring-twister  spindles.  Other 
quickly  running  parts  of  the  twister,  such  as  pulleys,  cylin- 
der, and  rolls,  should  be  oiled  daily,  while  slowly  moving 
parts,  such  as  the  builder,  should  be  oiled  weekly.  In  large 
mills,  it  is  advisable  to  have  the  oiling  done  by  a  man  who 
devotes  his  entire  attention  to  the  work. 

33.  Cleaning:. — Parts  of  the  twister  especially  liable  to 
collect  dust  and  lint,  such  as  the  ring  rail  and  roll  beam, 
should  be  wiped  o&  several  times  a  day,  preferably  at  the 
time  the  frame  is  doffed,  unless  on  fine  numbers,  when  a 
frame  is  doffed  at  more  remote  periods,  in  which  case  some 
other    time  should   be   determined  on,   for   example   three 
times  a  day.     The  creel  should  also  be  dusted  at  the  same 
time.     Once  a  day,  at  least,  the  more  prominent  parts  of  the 
frame,  such  as  the  boxed  ends,  should  be  wiped;  while  all 
parts,  such  as  builder,  lifter  rods,  and  Sampsons,  should  be 
thoroughly  wiped  twice  a  week,  at  which  time  the  creel 
should  have  a  thorough  cleaning  also.     The  spindles  should 
te   taken  out  and  cleaned  at  least  twice  a  year,  when  the 
ciirty  oil  may  be  pumped  out  of  the  reservoir  and  the  bolster 
l)ase   and  other  parts   thoroughly  cleaned.     The  ring  rail 
should  be  taken  off  and  scoured  about  once  a  month.  Twist- 
ing frames  used  for  wet  twisting  require  more  attention  than 
those  for  dry  twisting. 

34.  The  single  yarns  that  are  being  doubled  Aould  be 
as  even  as  possible  throughout  their  length,  and  it  is  also 
important  that  the  two  or  more  ends  that  are  being  doubled 
together  should  be  of  the  same  counts  and  that  there  should 
be  as  small  a  range  of  variation  as  possible  in  the  size 
of  the  single  yarns.  In  case  one  yam  is  much  coarser 
than  another  or  larger  in  diameter  through  being  slack 
twisted,  there  is  a  liability  of  the  production  of  what  are 
known  as  corkscrewed  yarns,  where  one  of  the  ends  twists 
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around   the   other,   giving  a  beaded   appearance.     For  the 
same  reason,  it  is  essential  to  have  the  same  length  of  each 
of  the  two  or  more  ends  of  single  yam  delivered  by  the 
rolls.     This  is  always  the  case  when  the  single  yams  have 
been  doubler-wound,  because  all  the  ends  leave  the  tube 
together;  but  in  case  of  doubling  from  cops  or  'bobbins  it  Is 
essential  that  each  end  should  be  fed  to  the  rolls  as  far  sts 
possible  at  the  same  tension.     For  the  same  reason,  it     is 
also  essential  that  the  supply  of  different  numbers  of  ya^xm 
should  be  kept  separate  and  every  precaution  taken  again*-  st 
mixing  the  spools. or  tubes. 

35.  Piecing. — In    case    an   end    breaks,    it   should  "fc>e 
pieced  with  as  small  a  knot  as  possible;  and  as  far  as  possr-si- 
ble,  bunch  knots  should  be  avoided.     These  occur  when  tXme 
two  or  more  threads  forming  one  end  of  the  ply  yam  are  ti^^^ 
to  the  two  or  more  ends  forming  the  other  part   of  ttr^^ 
broken  thread  of  the  ply  yarn,  thus  resulting  in  a  bulky  knc^^ 

36.  Missing  or  Superfluous  Knds  In  Ply  Threac^^^"^*- 

The  attendant  should  keep  a  careful  watch   on   the   em 
being  delivered  by  the  rolls  to  see  that  the  correct  numb 
is  being  passed  forwards  to  make  the  ply  yam.     In  the  cai 
of  2-ply,  if  one  end  has   broken,  the   other   end   will   ali 
break  in  front  of  the  rolls,  since  in  the  ordinary  method 
twisting  with  the  twist  in  the  reverse  direction  to  that 
which  the  yarn  is  spun,  it  is  impossible  for  one  end  to  coi 
tinue  to  be  twisted  without  the  other,  as  the  reverse  twii 
untwists  the  single  yarn  and  breaks  it.     In  the  case  of  3-pl 
or  higher,   however,   it   is   possible  for   one    of    the    singl- 
ends  to  break   and  the   others  be  passed  forwards   to  th^ 
bobbin   with   one   end   missing;    for   instance,    if   4-ply   40: 
were  being  made,  the  resultant  yarn  would  be  approximate! 
eciuivalent  to   10s,  but  if  one  end  were,  missing,  it  woul 
result  in   40s  8-ply  being  produced,   equivalent   to    13.33s— 
A  missing  end  of  this  kind  is  usually  shown  by  the  brokerr^^^^ 
end  lapping  around  the  rolls,  but  this  is  not  always  the  case     *^ 
since  it  may  be  broken  in  the  creel.     These  are  matters  tha  '^ 
can  only  be  prevented  by  careful  watchfulness  on  the  part  o^ 
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jjie  attendant  and  supervision  on  the  part  of  the  overseer, 

As  it  is  customary  to  inspect  ply  yarn  before  it  is  shipped  to 

jIj^    buyer  and  throw  out  defective  yarn,    it   is   important 

^^  tjave  these  points  watched,  since  those  bobbins  and  skeins 

^f  yam  that  are  thrown  out  as  being  of  second  quality  are  of 

little  value  compared  to  the  first-quality  yarn* 

^7*  Bandinic* — It  is  important  that  the  bands  should  be 
^,0ll  made  and  securely  tied,  so  that  they  will  not  slip^  and 
th^y  should  be  put  on  as  nearly  as  possible  at  an  even 
i^j^Hion,  Slack-twisted  yam  is  frequently  made  by  slack 
Ijantl^t  ^^^^  frame  should  therefore  be  looked  over  period- 
ica Uy  ^^^  ^^^^^  bands  cut  off  and  replaced  wherever  soft 
tx,tjl>iiis  are  noticed. 

^&*  Bobbins  should  be  v^rell  made,  smooth  on  their  out- 
sic3^  surface »  and  should  fit,  and  be  of  proper  dimensions  for, 
^^    3pindles  on  which  they  are  to  be  used* 

^jO*    Travelers  should  be  selected  suitable  for  the  nam* 

^^^    of  yarn  bein^  twisted^  the  number  of  doublings,  the 

arrK^^*^^  of  twist,  and  the  speed  of  the  spindle.     This  is  gen- 

er^^^y   determined  both  by  experience  and  experimenting, 

Tti^    traveler  should  be  heavy  enough  to  prevent  ballmtiing^ 

sl^x€z^   separators  are  seldom  used  on  twisters.     By  ballooo- 

>fyg'    i^  meant  the  tendency  for  the  yarn  to  fly  away  from  the 

str^-t^bt  line  between  the  £uide  wire  of  the  thread  board  and 

tb^    traveler,  on  account  of  the  centrifugal  force  generated  by 

the    5"^i.pid  rotation  of  the  travelen     Ballooning  often  results 

in  o^^^  end  catching  on  another,  thus  breaking  one  or  both  of 

theTTTi  ,   and  often  causing  two  ends  of  ply  yarn  to  be  run 

togr<^  tiier  on  one  bobbin.     For  this  reason,  the  preference  is 

asi3.^Tly  given  to  the  heaviest  traveler  that  the  yam  will  stand 

w^]t:^lri.x:>ut  undue  tension  or  breakage. 


Correct  Tavist  Per  Ineh. — It  is  important  that  all 
ya-iTTa.  intended  to  be  of  the  same  description  shall  be  twisted 
un^i^ormlyj  this  makes  it  necessary  to  see  that  the  same  twist 
P^x*  Inch  is  being  inserted  at  each  spindle  on  the  frame,  and 
_al^c^    on  other  frames  making  yarn  for  the  same  order.     The 

m 


36  TWISTERS  §46 

first  frame  started  on  any  order  after  it  has  been  running:  a 
short  time  should  be  examined  with  a  view  to  ascertaining 
whether  the  correct  number  of  turns  per  inch  is  being 
inserted.  This  is  done  either  by  placing  samples  of  the  yarn 
in  a  twist  tester  and  turning  the  handle  until  the  yam  is  com- 
pletely untwisted  and  the  number  of  revolutions  ascertained, 
or  by  examining  the  thread  under  a  pocket  magnifying  glass, 
such  as  is  used  in  dissecting  cloth.  The  base  of  the  frame- 
work of  the  glass  usually  has  a  1-inch  square  hole  in  it,  and 
the  number  of  turns  in  the  1-inch  space  can  be  counted 
through  the  glass.  It  facilitates  counting  the  turns  per  inch 
in  a  white  ply  yarn  to  make  a  short  length  with  one  colored 
end  in  place  of  one  of  the  white  ones,  but  of  the  same  counts 
as  the  one  that  it  replaces.  The  twist  can  then  be  very  easily 
counted,  because  of  the  contrast  between  the  colors.  For 
this  purpose  it  is  well  to  carry  in  stock  a  few  bobbins  of 
colored  yams  of  exactly  the  same  numbers  as  those  that  are 
customarily  twisted  in  the  mill.  The  product  of  each  machine 
should  be  examined,  counting  several  different  samples  from 
each  side  of  each  machine,  and  taking  the  average.  If  any 
appreciable  variation  is  found  between  one  machine  and 
another,  the  gears  should  be  examined,  since  there  are  several 
gears  in  each  train  driving  the  front  rolls  that  it  would  be 
possible  to  change  and,  as  in  some  cases  change  gears  are  so 
constructed  that  they  fit  in  either  of  two  or  more  positions, 
there  is  a  liability  of  error  in  leaving  on  or  putting  on  wrong 
gears  when  changing. 

In  case  any  great  change  is  made  in  the  counts  being 
twisted  it  is  important  to  either  alter  the  number  of  teeth 
taken  up  at  the  builder  or  change  the  builder  gear.  Other- 
wise, in  case  of  changing  to  finer  counts  the  space  between 
the  adjacent  coils  in  each  layer  of  yarn  will  be  too  far  apart, 
while  in  case  of  changing  to  coarser  counts,  one  coil  will  tend 
to  ride  over  another,  thus  in  either  case  making  a  poor  bobbin. 

41.  Creel Injr  is  generally  performed  by  the  attendant 
who  pieces  up  broken  ends,  etc.  In  the  case  of  twisting  from 
cops  or  bobbins,  knots  are  produced  at  different  inter\'als 
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in  various  ends  of  yam,  because  all  cops  or  bobbins  do  not 
run  out  at  the  same  time.  When  twisting  from  doubler- 
w^ound  tubes  it  is  customary  to  put  all  the  tubes  in  at  one 
time,  making  all  the  knots  come  together.  These  are  then 
run  through  the  rolls  and  doffed,  so  as  to  reduce  the  number 
of  knots  in  the  yarn  to  a  minimum. 

42.  Other  matters  in  management  that  require  attention 
are  to  operate  the  frame  so  as  to  obtain  as  high  a  production 
as  possible,  to  have  the  help  economical  in  the  use  of 
travelers,  to  avoid  waste  of  yarn,  and  to  periodically  readjust 
the  frames,  properly  alining  and  adjusting  the  spindles, 
rings,  and  guide  wires  with  one  another  and  alining  the  rolls 
and  cylinders. 
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INTRODUCTION 

1.  Unlike  almost  every  other  machine  through  which  the 
cotton  passes  during  its  process  of  manufacture  into  cloth, 
the  spooler  cannot  be  said  to  have  any  effect  on  the  condi- 
tion of  the  stock  passing  through  it,  since  its  only  object  is 
to  assemble  a  greater  length  of  yam  and  put  it  in  a  suitable 
shape  to  be  unwound  at  the  next  process.  The  yarn  comes 
to  the  spooler,  in  most  cases,  from  the  spinning  frame, 
although  in  a  few  instances,  from  the  mule.  The  treatment 
of  the  cotton  in  these  two  machines  constitutes  the  final 
process  of  yarn  preparation;  namely,  spinning.  This  state- 
ment refers  to  single  yarn;  ply  yarn  is  usually  supplied  to 
the  spooler  on  twister  bobbins. 

If  yam  is  frame-spu7i,  that  is,  if  it  has  been  spun  on  the 
spinning  frame,  it  is  in  almost  every  case  on  a  wooden 
bobbin  and  may  be  wound  in  two  ways,  one  bemg  known  as 
a  warp'wind  build  of  bobbin  and  the  other  as  a  filling-wind. 
Pigs.  1  and  2  show  warp-wind  and  filling-wind  frame  bobbins 
as  they  appear  when  empty  and  when  filled. 

2.  Fig.  1  {a)  shows  an  empty  bobbin  such  as  would  be 
Used  for  warp  yam  with  a  warp  wind;  Fig.  1  {b)  shows 
the  manner  in  which  the  yarn  is  placed  on  such  a  bobbin. 
The  yam  is  built  up  in  successive  layers,  the  traverse  of 
each  succeeding  layer  being  slightly  shorter  than  the  one 
just  before  it.  Thus,  as  shown  in  Fig.  1  (^),  the  traverse  of 
the  first  layer  of  yam  on  this  bobbin  extends  from  y»  to  y„ 
vrhile  the  traverse  of  the  last  layer  extends  from  j\  to  j\. 
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The  yarn  in  being  unwound  from  such  a  bobbin  is  always 
palled  from  the  side. 

Fi^.  2  (a)  shows  an  empty  bobbin  such  as  would  be  used 
for  yam  with  a  fllHuigr  wintl;  Fi^:.  2  (d)  shows  tlie  manner 
in  which  the  yarn  is  placed  on  such  a  bobbin.     Instead  of^ 
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heingr  built  up  in  successive  layers,  as  is  the  case  with  the 
warp  wind,  the  yam  is  placed  on  the  bubbin  in  coils,  eat:b 
succeeding  coil  being  slightly  higher  on  tlie  bobbin.    Thus,, 
as  shown  in  Fig.  2  (d),  the  first  coil  of  yam  extends  Cromj 
;\  to  j\i  while  the  last  coil  extends  from  j\  to  j^    The  yam 


^ 


^t 


Fig*  2 


>- 


in  being  unwound  from  such  a  bobbin  must  always  be  pulle<i 
from  the  top. 

Mule  yam  is  always  deUvered  from  the  mule  in  the  shaF 
of  a  cop*  a  view  of  which  is  given  in  Fig,  3,     It  consist* j 
of  innumerable   coils    of  yam  built  up  on  a  bare  spii 
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(or  more  commonly  in  America,  on  a  short  paper  tube)  in 
such  a  way  as  to  form  a  cylinder  coned  at  each  end. 

Warp  yarn  when  spun  on  a  frame  should  be  spun  warp- 
wind;  that  is,  the  traverse  of  the  yarn  should  extend  almost 
from  top  to  bottom  of  the  bobbin.  If  the  yarn  is  spun  on  a 
mule,  the  warp  cop  should  be  as  large  as  possible,  since 
there  is  no  reason  to  limit  its  size  in  order  to  get  it  into  a 
shuttle,  as  would  be  the  case  with  filling  yarn.  Warp  yarn 
must  ultimately  be  placed  either  on  the  loom  beam  to  be 
woven  or  put  up  in  the  form  of  a  bundle  to  be  shipped  frotn 
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the  mill  where  it  is  spun.  In  either  case  it  must  first  be 
spooled,  in  order  to  obtain  a  greater  length  of  yarn  and  thus 
facilitate  later  processes.  If  this  were  not  done,  the  com- 
paratively short  length  of  yarn  on  one  bobbin  would  neces- 
sitate constant  piecing  at  the  later  processes  and  would 
consequently  greatly  lower  the  production.  It  may  be  said, 
then,  that  the  object  of  the  spooler  is  to  place  a  suitable 
length  of  yarn  on  a  spool,  this  yarn  being  taken  from  the 
bobbin  or  cop  on  which  it  has  previously  been  wound  at  the 
spinning  process.  As  has  been  said,  warp  yarn  in  almost 
every  case  comes  to  the  spooler  from  the  spinning  frame 
and  is  on  a  bobbin  having  the  warp  wind.  The  spooler 
adapted  to  spooling  the  yarn  when  delivered  in  this  manner 
vrill  be  tbe  first  described. 
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CONSTRUCTION  AND  OPERATION 

3.  Fi^,  4  shows  a  view  of  part  of  a  spooler,  while  Fig. 
shows  a  section  of  the  machine.  The  machine  carries  the 
usual  light-and-loose  pulleys  a,  a^  through  which  it  receives 
power  from  the  main  driving  shaft.  The  tight  pulley  is 
fastened  to  the  cylinder  shaft  A,  which  carries  the  cylinder, 
or  drum,  c.  The  cylinder  extends  the  entire  length  of  the 
spooler,  and  drives  hy  means  of  bands  r,  the  whorls  ,f, 
which  form  a  part  of  the  spindles  on  which  the  spools  I 
rest.  The  spindles  support  the  spools  h  on  which  the  yam 
is  wound.  y.  vTy^V,*  fi^T  Hlif  ' 

4.  Passage  of  the  Tam^-i^AS  ishown**itf*Hg;  5»  spoolers 
are  so  made  that  many  of  tlie  parts  on  one  side  are  dupH* 
cated  on  the  other,  thus  perbiitthlg*  f!re  fttn  to*be  spooled 
on  both  sides  of  the  machine.  The  ijcilibine-/".  Fig.  5*  aii 
they  come  from  the  spinning  frame  are  placed  in  the 
bobbin  holder  A%  the  end  of  yarn  being  passed  under  a 
swinging  arm  similar  to  ^%  and  then  carried  to  the  threa<i 
guide  /,  from  which  it  passes  to  the  spool  //.  As  tJje 
spool  revolves,  the  yarn  is  woimd  on  it.  The  traverse  d 
the  yarn  on  the  spool  is  obtained  by  imparting  an  up-and- 
down  motion  to  the  rail  m  on  which  the  thread  guides  / 
are  secured.  This  motion  is  given  to  the  traverse  rail  by 
means  of  the  rods  m,,  motion  l>eing  imparted  to  ihe^ 
rods  by  the  rods  nu,  which  are  connected  to  the  arms 
these  arms  are  acted  on  by  a  mangle  gear  /  and  quadrant  "n' 
shown  in  Fig*  5.  The  bobbin  boxes,  in  which  the  bob- 
bins are  kept,  are  shown  at  fi,  while  g  shows  the  creels  oi 
which  the  spools  are  placed  as  they  become  full.  With  thi 
make  of  spooler  illustrated  in  Figs.  4  and  5,  the  stand;}  ^i 
on  which  the  machine  rests,  are  made  adjustable,  so  thi 
the  height  of  the  spooler  may  be  readily  changed  to  va^^^ 
requirements. 
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DETAII.8  OF  CONSTRUCTION 

6.  Having  pointed  out  the  principal  parts  of  a  spooler 
and  indicated  the  passage  of  the  yam  from  the  bobbin  to  the 
spool,  the  more  essential  parts  will  be  given  a  fuller  descrip- 
tion. A  spooler,  however,  cannot  be  said  to  be  a  very  com- 
plicated machine,  and  since  it  does  not  have  any  direct  effect 
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on  the  stock  passing  through  it,  there  are  no  complicated 
setting:?*  to  be  made,  as  are  met  with  in  the  raajoriiy  of  the  , 
other  machines. 


6.     Bobbtii  HolUc^r.^^A  common  type  of  bobbin  lioklei; 

is  shown  in  Fig.  C.  It  consists  of  a  curved  plate  k^  on  whkh^ 
the  bobbin  rests.  Above  this  plate  projects  an  iron  bracket 
k,  carrying  two  curved  wires  ^,,  k^  that  rest  loosely  in  sockets 
and  are  thus  allowed  to  move  outwards  or  inwards.  It  is 
under  one  of  these  wires  that  the  thread  passe.»^  in  goin^ 
from  the  bobbin  to  the  spool.  The  weight  of  the  bobbin ^ 
resting  on  the  cun^ed  plate,  produces  sufficient  friction  to 
keep  the  ends  reasonably  tight.     As  the  bobbins  decrease  ii 


I 

:h^ 
et^j 

is^l 


weight*  owing  to  the  yarn  being  unwound  from  them,  this 
friction  will  be  lessened,  but  as  more  strain  is  put  on  the 
yarn  when  unwinding  fron>  a  bobbin  of  iimall  diameter,  this 
is  beneficial.  The  swinging  wires  also  adjust  themselves  to 
give  the  proper  angle  for  unwinding  the  thread,  as  require 
by  the  redtiction  of  the  diaraeter  of  the  bobbin.  The  holder: 
are  attached  by  means  of  setscrews  to  a  rod  k\  that  extends 
along  the  sides  of  the  machine.  On  most  spoolers  there  are, 
in  addition  to  the  bobbin  holders,  spindles  situated  either  at 
each  end  of  the  frame  or  at  intervals  along  the  frame,  on 
which  bobbins  containing  yarn  too  weak  to  stand  the  strain 
when  unwinding  from  a  bobbin  holder  may  be  placed  and 
thus  have  the  yarn  taken  from  them* 

7^     Tbroacl  Guide. — Fig.  7  shows  one  type  of  thrtHiil 
0ulde  found  on  spoolers.     U  consists  of  an  upper  plate  A 
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and  lower  plate  /,.  The  opening  between  these  two  plates 
can  be  made  larger  or  smaller,  according  to  the  size  of  the 
yam  being  run.  The  primary  object  of  all  thread  guides  is 
to  guide  the  yam  from  the  bobbin  to  the  spool,  and  yet  they 
are  used  in  a  great  many  cases  as  a  means  of  accomplishing 
other  purposes.  For  instance,  it  is  found  in  actual  practice 
that  a  thread  guide  removes  from  the  yarn  a  fractional  per- 
centage of  refuse,  such  as 
leaf,  dirt,  and  other  foreign 
matter.  Again,  the  thread 
guide,  if  the  plates  are 
set  sufficiently  close,  will 
prevent  large  knots  or 
bunches  from  passing  on 
to  the  spool.  As  large 
knots  and  bunches  in  the 
yam  are  a  great  drawback 
to    good   weaving,   their 

removal  at  the  spooler  is  to  be  recommended,  but  the  prac- 
tice, or  rather  the  necessity,  of  performing  such  work  at 
the  spooler  should  not  be  encouraged,  since  this  is  some- 
thing that  should  have  been  attended  to  at  one  of  the  earlier 
processes. 

By  referring  to    Fig.   7   there  will   be   noticed  a    thumb 
lever  /,.     By  pressing  down  on  this  lever  the  upper  plate  /. 

will  be  raised,  thus  giving 
sufficient  space  for  cleaning 
any  refuse  that  may  have 
been  collected  by  the  guide 
during  the  passage  of  the 
yarn.  The  spring  U  will  re- 
turn the  plate  to  its  position 
when  the  pressure  is  re- 
moved from  the  lever.  The 
thread  guide  is  setscrewe<l 
to  the  traverse  rail  ;;/  and  is  thus  capable  of  being  given  any 
desired  position  in  order  to  guide  the  yarn  to  the  exact 
position  it  should  occupy  on  the  spool. 
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8.  The  spool,  as  shown  in  Fig^.  8,  consists  of  a  barrel  h^ 
with  flanges,  or  heads,  //,  at  each  end.  The  heads  of  the 
spools  are  made  of  two  pieces  firmly  glued  together.  By 
this  means  the  tendency  toward  splitting  is  greatly  reduced. 
The  inner  part  of  the  barrel  is  hollowed  out  as  much  as 
possible  without  weakening  the  spool  and  thus  a  larger 
spool  is  obtained  without  bringing  too  great  a  weight  on 
the  yam  as  it  unwinds  at  the  next  process.  The  larger  the 
spool  can  be  made,  the  more  yarn  it  will  hold,  and  conse- 
quently the  greater  will  be  the  production  of  the  spooler; 
but  there  is  a  limit  to  the  size  of  the  spool,  due  to  the  fact 
that  at  the  next  process  the  yam  is  obliged  to  turn  the 
spool,  and  if  too  much  tension  is  brought  on  it,  it  will  break 
frequently  and  thus  defeat  the  object  of  having  a  large 
spool.  From  this  it  will  readily  be  apparent  that  the  coarser 
the  yarn,  the  larger  will  be  the  spool  that  can  be  used.  Good 
sizes  of  spools  for  different  counts  of  yam  are  as  follows: 
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Counts 

Length  of  Traverse 
Inches 

Diameter  of  Head 
Inches 

8s  to     1 6s 
i8s  to     34S 
36s  to     54s 
56s  to     Sos 
90s  to  1 00s 

6 

5 

4+ 

3i 

3 

5 
4 

3i 
3I 

2i 

9.  The  spindle  used  on  a  spooler  consists  of  the  blade ^,, 
Fig.  9  (rt)  and  {b) ,  supported  by  the  base  g^,  in  which  it 
revolves.  The  blade  carries  the  whorl  g^,  around  which  the 
band  from  the  cylinder  passes,  and  by  this  means  the  spindle 
is  driven.  The  bottom  of  the  spool  rests  on  g^  and  is 
revolved  by  the  spindle  by  means  of  its  own  weight*  there 
beinj^  not  bin  j^:  to  attach  the  spool  to  the  spindle.  The 
spindle  shown  in  this  illustration  is  known  as  the  slnjirlo- 
rall  si)iii<llc;    that  is,  it  is  supported  by  only  one  rail,  to 
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which  it  is  attached  by  means  of  the  set  nut  g^,  the  rail 
coming  between  the  set  nut  and  the  part  gt,  of  the  base  g^, 
The  oil  tube  for  oiling  the  spindle  is  shown  at  g,.  The 
cap  g.  prevents  dirt  and  dust  from  entering  the  tube,  and 


^a 
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also,  by  means  of  the  projection  ^„  holds  the  blade  of  the 
spindle  in  place. 

10.  Banding  tlie  Spindles.  —  Spooler  spindles  are 
banded  in  several  ways,  but  the  most  popular  method  is  to 
have  one  band  for  two  spindles,  one  on  each  side  of  the 
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frame  but  not  opposite  to  each  other.  For  example,  the 
band  driving  the  first  spindle  on  one  side  drives  the  second 
on  the  other  side,  and  the  band  driving  the  second  on  one 
side  drives  the  third  on  the  other  side,  and  so  on.  The 
bands  are  arranged  in  this  manner  in  order  that  no  two  parts 
of  one  band  shall  be  continually  rubbing  together. 

After  banding  the  spindles  as  just  described,  it  will  be 
found  that  the  first  spindle  on  one  side  and  the  last  spindle 
on  the  other  side  are  not  provided  for.  To  overcome  this 
difficulty,  one  spindle  on  each  side  of  the  frame  carries  a 


Fig.  10 

double  whorl,  and  consequently  two  bands.  This  method 
of  banding  is  clearly  shown  in  Fig.  10,  where  five  spindles 
on  each  side  of  the  frame  are  shown;  c  shows  the  cylinder 
of  the  spooler,  around  which  the  bands  pass  and  thus  receive 
their  power.  In  some  cases  when  spindles  are  banded  in 
the  manner  just  described,  instead  of  providing  spindles 
with  a  double  whorl,  the  last  band  at  each  end  of  the  frame 
will  drive  three  spindles  instead  of  two. 

11.  Another  arrangement  of  banding  the  spindles  is 
shown  in  Fig;.  11.  In  this  case  one  band  is  made  to  drive 
twelve  spindles,  and  on  this  account  is  not  so  frequently 
used,  sinee  every  time  a  band  breaks  it  necessitates  the  stop- 
ping of  tvNX'lve  spindles.     Another  defect  of  this  method  is 


§46 


SPOOLERS 


11 


that  on  some  spindles  the  band  is  in  contact  with  only  about 
one-quarter  of  the  circumference  of  the  whorl,  while  on 
others  it  is  in  contact  with  one-half  of  the  circumference, 
thus  tending  toward  irregular  speeds  of  the  spindles. 

The  arrangement  of  banding  the  spindles  that  is  illus- 
trated in  Fig.  11  can,  of  course,  be  extended  to  cover  any 
even  number  of  spindles  within  reason.  Almost  all,  how- 
ever, are  arranged  to  drive  either  four,  six,  eight,  ten,  or 
tAvelve  spindles. 

Spooler  spindles  should  be  banded  in  such  a  manner  that 
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they  will  revolve  in  the  direction  opposite  to  that  of  the 
hands  of  a  watch,  thus  causing  the  ends  when  being  wound 
to  pass  to  the  right-hand  side  of  the  spool. 


BUILDER    BIOTIONS 

12.  Mangle  Gears. — The  yarn  in  being  wound  on  the 
spool  is  given  a  traverse  by  means  of  the  thread  guide 
being  attached  to  the  traverse  rail,  this  rail  receiving  an 
up-and-down  motion  while  the  spool  revolves  continually 
in  the  same  plane.  In  winding  the  yarn  from  the  bobbin 
to  the  spool  there  are  two  objects  that  must  be  attained: 
(1)  The  yarn  must  be  wound  from  the  bottom  to  the  top  of 
the  spool,  where  it  reverses  and  is  wound  from  top  to  bottom. 
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reversing  again  at  this  point,  and  so  on,  each  layer  covering 
the  preceding  one;  (2)  the  yarn  should  be  wound  on  the 
spool  in  such  a  manner  that  the  full  spool  will  be  larger  at 
its  center  than  at  either  of  its  ends,  since  a  spool  with  the 
yarn  wound  in  this  manner  not  only  holds  more  but  also 
unwinds  better  at  the  next  process.  Both  of  these  objects 
are  attained  by  means  of  what  is  known  as  the   mancrle 
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gear  and  its  connections.  Fig.  12  is  a  view  of  these  parts, 
an  end  view  of  the  same  being  shown  in  Fig.  14,  while 
Fig.  1*^  shows  the  mangle  gear  alone. 

Rods  m,y  F'igs.  5  and  14,  known  as  the  lifting  rods,  are 
situated  at  regular  intervals  on  each  side  of  the  frame. 
These  rods  slide  np  and  down  in  brackets,  and,  being  con- 
nected to  the  traverse  rail,  which  carries  the  thread  guides, 
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the  latter  move  simultaneously  up  or  down.  Attached  at 
the  middle  of  each  lifting  rod  is  a  rod  /;/,  that  is  connected 
to  adjustable  studs  «,  in  the  lever  «.  Extending  along  the 
center  of  the  frame  and  directly  under  the  cylinder  is  the 
shaft  d.  Fig.  12,  which  is  driven  from  the  cylinder  shaft  by 
means  of  a  belt.  At  the  end  of  this  shaft,  opposite  to  the 
driving  end,  is  the  gear  e  that  drives  the  mangle  gear  /. 
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13.  Reference  is  now  made  to  Fig.  13,  which  shows  the 
mangle  gear  alone  in  cross-section.  This  gear  is  composed 
of  two  rings  joined  together  by  pins  that  form  teeth.  By 
this  means,  the  pinion  gear  engaging  with  the  mangle  wheel 
can  drive  it  either  from  the  outside  or  the  inside  of  the  teeth. 
It  will  be  noticed  that  the  teeth  of  the  mangle  gear  end  at  the 
points  /i  and  /,.     This  is  to  allow  the  pinion  gear  engaging 
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with  the  teeth  to  pass  from  the  outside  to  the  inside,  and 
vice  versa.  Supposing^  the  pinion  to  be  on  the  outside  of 
the  mangle  gear,  it  drives  this  gear  around  until  the  small 
opening  at  /»  is  reached,  when  it  slips  to  the  inside  of  the 
mangle  gear  and  continues  to  turn  it,  but  in  the  opposite 
direction.  This  continues  until  the  opening  at  /,  is  reached, 
when  the  pinion  passes  to  the  outside  and  again  reverses 
the  direction  of  motion  of  the  mangle  gear. 
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Two  points  should  be  noted  here:  (1)  As  the  mangle 
gear  simply  revolves  without  having  any  vertical  or  lateral 
movement,  then  the  pinion  must  be  provided  with  some  such 
motion  in  order  to  allow  it  to  pass  from  one  side  of  the 
mangle  gear  to  the  other,  since  one  of  the  two  gears  must 
change  its  relative  position.  It  is  made  possible  for  the 
pinion  gear  to  move  back  and  forth  by  means  of  the  shaft 
on  which  it  is  placed  being  held  in  a  bearing  ^,,  Fig.  12, 
sufficiently  wide   to   allow  the  required  lateral    movement. 
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(2)  Since  the  pinion  gear  is  not  held  firmly  in  one  position 
by  the  shaft  on  which  it  is  placed,  some  other  provision  must 
be  made  by  means  of  which  it  will  be  held  in  contact  with 
the  teeth  of  the  mangle  gear  at  all  .times.  This  is  accom- 
plisHed  as  follows:  When  the  pinion  is  engaging  with  the 
outside  of  the  teeth  from  the  point  /*  through  A  to  /„  the 
shaft  has  been  moved  imtil  it  is  being  pressed  against 
the  extreme  side  of  its  bearing,  and  since  it  cannot  be 
moved  any  farther  in  that  direction,  the  teeth  of  the  pinion 
must  remain  in  gear  with  the  mangle  wheel.  After  the 
pinion  has  passed  the  point  /.,  on  the  outside  of  the  teeth, 
and  until  it  again  reaches  the  point  A,  on  the  outside  of  the 
teeth,  it  is  held  in  gear  with  the  mangle  wheel  by  means  of 
the  end  of  the  shaft  projecting  beyond  the  gear  and  thereby 
coming  in  contact  with  outer  and  inner  guides  /,  with  which 
the  mangle  gear  is  provided. 

14,  Reference  is  now  made  to  Fig.  14,  which  gives  an 
end  view  of  these  different  parts.  On  the  hub  of  the  mangle 
gear  is  the  gear  A,  which  engages  with  the  teeth  in  a  quad- 
rant Wx.  The  quadrant  is  fast  to  the  shaft  w„  on  which  are 
also  situated  the  levers  //.  The  shaft  w,  extends  the  whole 
length  of  the  spooler,  and  has  at  intervals  other  levers  corre- 
sponding with  ;/  and  other  rods  corresponding  with  w„  Wx. 
As  the  mangle  gear  is  having  its  direction  of  motion  con- 
tinually reversed,  the  quad;-ant  also  keeps  reversing  and 
gives  an  alternating  up-and-down  motion  to  the  arms  of  the 
lever  n  and  the  other  levers  corresponding  with  it,  this 
motion  being  also  imparted  to  the  lifting  rods  ;//»  by  means 
of  the  rods  1n^,  The  lifting  rods  are  so  adjusted  that  when 
the  rods  are  up  on  one  side  of  the  frame  they  are  down  on 
the  other,  so  that  one  side  tends  to  balance  the  other  and 
thereby  lessens  the  amount  of  power  necessary  to  move  the 
traverse  rail. 

15,  Build  of  the  Spool. — As  previously  referred  to,  it 
is  desirable  to  give  a  barrel  shape  to  the  spools  in  order  that 
more  yarn  may  be  put  on  each  spool.  In  order  to  give  this 
barrel  shape  to  the  spool,  the  traverse  rail,  and  consequently 
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the  thread  guides,  move  more  slowly  along:  the  central  parts 
of  the  spool  than  at  the  ends.  At  the  latter  points  a  quick 
approach  to  and  return  from  the  head  of  the  spool  is  desired. 
If  the  mangle  gear  were  circular  and  the  speed  of  the  pinion 
gear  remained  constant,  the  speed  of  the  traverse  rail  would 
be  constant  on  both  the  upward  and  downward  traverse  and 
at  every  part  of  each  traverse,  thus  producing  a  spool  no 
larger  in  diameter  at  one  place  than  at  another.  The  manner 
in  which  the  desired  result  is  attained  is  to  have  the  mangle 
gear  eccentric,  as  shown  in  Fig.  13,  the  center  of  the  stud  /„ 
on  which  the  mangle  is  mounted,  being  nearer  to  the  points  /, 
and  /,  than  it  is  to  any  one  of  the  points  /«,  /„  or  /,.  In  fact, 
the  distance  from  the  center  to  the  points  A  and  /,  is  only 
4  inches,  while  the  distance  from  /.  to  /«»  /„  or  /,  is  6  inches. 
Consequently,  when  the  pinion  gear  is  in  gear  with  the 
mangle  wheel  at  the  points  /»  or  /„  it  may  be  said  to  be 
driving  a  gear  8  inches  in  diameter,  while  on  the  other  hand, 
when  it  is  in  gear  at  the  points  /*,  A,  or  /«,  it  is  the  same  as 
driving  a  gear  12  inches  in  diameter,  and  consequently  at  a 
reduced  speed.  The  mangle  gear  is  so  set  that  the  traverse 
rail  on  one  side  will  just  reach  the  top  of  its  traverse  when 
the  pinion  is  at  the  point  /,,  and  the  bottom  of  the  traverse 
when  the  pinion  is  at  the  point  />.  The  conditions  on  the 
other  side  of  the  frame  will,  of  course,  be  the  exact  reverse 
of  this;  consequently,  the  thread  guides  start  quickly  at  the 
top  of  the  spool  and  gradually  slacken  their  speed  as  they 
approach  the  center,  increasing  their  speed  again  just  before 
reaching  the  bottom  of  the  spool.  After  they  have  reversed 
and  traveled  a  short  distance  upwards,  the  speed  is  again 
slackened  until  they  have  passed  the  center,  when  it  is 
increased  for  the  approach  to  the  top  of  the  spool. 

16.  Another  arrangement  for  obtaining  the  traverse  of 
the  thread  guides  and  the  desired  build  of  the  spool  is  shown 
in  Fig.  15.  In  this  arrangement  the  mangle  gear  and  lifting 
rods  are  employed,  as  in  the  motion  previously  described. 
The  method,  however,  of  driving  the  mangle  gear  and  raising 
and  lowering  the  lifting  rod  differs  slightly.     Referring  to 
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Fig.  15,  the  pinion  shaft  r  is  driven  by  a  chain  n  from  the 
cylinder  shaft.  The  bearing  r.  of  the  shaft  r  is  so  arranged 
that  the  shaft  is  allowed  a  vertical  movement  instead  of  a 
lateral  movement,  as  in  the  previous  case.  The  mangle 
gear  /  is  driven  by  a  pinion  gear  on  the  end  of  the  shaft  r, 
and  being  fast  to  the  shaft  s,  it  in  turn  drives  the  gear  /  by 
means  of  another  gear  on  this  end  of  the  shaft.  Fast  to  the 
shaft  carrying  the  gear  /  is  the  segment  arm  t^  carrying  the 
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segment  /..  Connected  to  the  segment  is  the  chain  /»  that 
operates  the  rod  /*  and  chains  /„  the  chains  /.  being  con- 
nected to  the  lifting-rod  dogs  «»  attached  to  the  lifting  rods  u. 
Since  the  mangle  gear  is  driven  first  in  one  direction  and 
then  in  the  other  by  the  pinion  gear,  the  gear  /  will  also 
reverse  its  direction  of  motion  at  regular  intervals.  This 
will  impart  a  swinging  motion  to  the  segment  arm  /»  and 
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also  to  the  segment  /„  resulting  in  the  chain  /,  being  alter- 
nately brought  down  and  let  out.  As  this  chain  is  brought 
down  by  the  action  of  the  segment  it  will  raise  the  traverse 
rail  through  connections  referred  to,  while  on  the  other  hand, 
when  the  chain  is  let  out,  the  rail,  due  to  its  own  weight,  will 
drop.  Since  the  mangle  gear  is  constructed  on  the  same 
principle  as  the  one  previously  described,  the  desired  results 
will  be  obtained. 

17.     winding  From  Cops  or  Bobbins  Having:  a  Flll- 
Injf  Wind. — In  cases  where  the  yarn  is  to  be  wound  on  to 
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spools  from  cops  or  from  bobbins  with  a  filling  wind,  a   ^ 
arrangement  differing  from  any  previously  shown  must  1>*^ 
adopted  for  holding  the  cops  or  bobbins,  since  a  filling  win^ 
differs  entirely  from  the  ordinary  warp  wind,  the  yarn  in  th 
former  case  being  built  up  from  the  bottom,  while  in  th- 
latter  case  it  is  placed  on  the  bobbin  in  layers  one  abov 
the  other.     Thus,  in  one  case,  the  yarn  must  be  pulled  o^ 
at  the  nose,  while  in  the  other  the  yarn  is  unwound  from  th     *" 
side.     Fig.   16  shows  an  arrangement  suitable   for  holdin  ^ 
the  cops  or  filling-wind   bob])ins  when   the  yarn  is   bein  ^ 
spooled.     The  cops  or  bobbins  are  placed  on  the  spindles  -^^ 
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md  the  yam  carried  through  the  guides  x  to  the  thread 
gfuide  on  the  traverse  rail  and  then  to  the  spool.  In  this 
nanner  the  yarn  is  pulled  directly  from  the  nose  of  the  cop 
3r  bobbin,  which  method  must  always  be  adopted  in  order 
to  run  the  yarn  at  all  successfully.  In  most  cases  when 
spooling  yarn  that  has  a  filling  wind,  the  yarn  has  to  be  run 
over  a  friction  flannel  situated  between  the  cops  and  spools, 
in  order  to  give  the  yarn  sufficient  tension  to  be  wound  on 
the  spool  in  a  compact  form. 

18,  Safety  Device. — With  the  motion  shown  in  Fig.  14, 
the  levers  n  are  so  constructed  that,  should  any  obstruction 
prevent  their  lowering,  they  will  simply  be  held  in  one 
position  and  the  yarn  will  be  wound  on  the  spool  at  one 
place.  Referring  to  this  figure,  it  will  be  seen  that  the  arms 
swing  on  the  stud  w*.  Fastened  to  the  shaft  w,,  on  which  is 
placed  the  quadrant,  is  the  casting  w»,  so  shaped  that  its 
lower  edge,  pressing  against  the  lever,  will  lift  it  when  the 
quadrant  is  turned.  For  example,  suppose  the  quadrant  is 
turning  to  the  left;  then  the  lower  right-hand  corner  of  the 
casting  w,  will  press  against  the  arm  ;/  on  the  right-hand  side 
and  raise  the  lifting  rods  on  that  side  of  the  frame.  When 
the  quadrant  swings  in  the  other  direction,  the  lever  will 
irop  on  account  of  its  own  weight  and  the  weight  of  the 
lifting  rods  and  traverse  rail  resting  on  it;  but  the  casting  w, 
is  not  acting  on  it  in  any  manner,  excepting  to  allow  the 
lever  to  fall  gradually;  consequently,  it  is  capable  of  being 
held  up  by  any  obstruction.  The  stud  w„  Fig.  14,  also 
works  loosely  in  the  slot  in  the  rod  w,  and  is  a  further  pre- 
caution against  the  breaking  of  any  parts  should  the  traverse 
rail  or  the  rod  m^  be  prevented  from  dropping.  With  the 
motion  shown  in  Fig.  15,  the  quadrant  does  not,  of  course, 
have  any  positive  action  on  the  rods  when  they  are  dropping, 
since  it  simply  allows  the  chain  to  run  out  and  thus  permits 
the  rods  to  drop  by  means  of  their  own  weight. 

19,  Dimensions  of  Spoolers.  —  Spoolers  are  con- 
structed in  various  sizes,  containing  usually  not  less  than 
30  and  not  more  than  80  spindles  on  each  side.    Spoolers  are 
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spoken  of  not  only  by  their  length  and  by  the  size  of  the 
spool  they  use,  but  also  by  the  ^atige,  that  is,  the  distance 
from  the  center  of  one  spind!e  to  the  center  of  the  next. 
A  common  g^aug^e  is  4f  inches,  this  of  course  being  reduced 
for  small  spools  used  for  spooling  fine  yarns  and  increased 
for  large  spools  in  the  case  of  running  coarse  j^ams*  The 
length  of  a  spooler  containing  100  spindles  with  44-inchj 
gauge  is  21  feet,  3  inches;  its  width  is  4  feet. 


BETTINGS 

20.     Settingf  the  Parts  of  the  BuUder  Motion, ^To 

set  the  mangle-gear  arrangement,  shov%Ti  in  Figs*  5  and  14, 
have  the  pinion  gear  just  at  the  point  of  reversing  the 
mangle  gear;  then  find  the  difference  between  the  number 
of  teeth  on  the  segment  and  on  the  stud  gear  and  set  the 
stud  gear  so  that  it  will  be  half  this  number  of  teeth  away 
from  the  end  of  the  segment.  For  example,  if  the  segment 
contains  28  teeth  and  the  gear  meshing  with  it  has  20  teeth, 
then  when  the  mangle  gear  is  at  the  point  of  reversing,  have 
the  gear  on  the  stud  4  teeth  from  the  end  of  the  segment, 
28  -  20  =  8.  8  H-  2  =  4,  At  this  point  the  top  of  the  trav- 
erse rail  on  one  side  of  the  spooler  should  be  about  i^tf  inch 
below  the  top  heads  of  the  spools,  while  the  top  of  the 
traverse  rail  on  the  other  side  should  be  the  same  distance 
above  the  bottom  heads  of  the  spools  on  that  side  of  the 
machine* 

21*  Hegiilatlufr  the  Traverse, ^The  gear  meshing 
with  the  segment  is  known  as  the  chaiii^e  goar,  and  it  is 
this  gear  that  is  altered  when  a  change  in  the  traverse  is  | 
desired*  As  previously  stated,  different  counts  of  yarn 
require  different  sizes  of  spools;  consequently,  whenever  a 
different  class  of  work  is  started,  this  gear  must  be  changed 
in  order  to  obtain  the  required  traverse.  A  larger  gear 
drives  the  quadram  more  quickly,  and  consequently  makes 
it  travel  a  greater  distance  while  the  mangle  gear  is  making 
one  revolution*  This  gives  a  longer  traverse  of  the  traverse 
ralL    A  smaller  gear  has,  of  course ,  the  opposite  effect.     In 
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case  the  change  gear  does  not  give  the  exact  traverse 
required,  any  slight  change  may  be  obtained  by  moving  the 
studs  «„  Fig.  14,  inwards  or  outwards.  Moving  them 
inwards  gives  the  lever  n  less  leverage  and  consequently 
shortens  the  traverse.  By  this  method  of  changing  the 
traverse,  the  traverse  on  one  side  may  be  altered  inde- 
pendently of  that  on  the  other,  which  cannot  be  done  by 
changing  the  change  gear. 

22.  Regrulatin^  tlie  Point  at  Wliicli  tlie  Traverse 
Rail  Reverses. — Another  adjustment,  but  one  that  alters 
only  the  point  at  which  the  rail  reverses  without  altering  the 
traverse,  can  be  made  by  dropping  or  raising  the  lifting  rods. 
If,  for  example,  the  traverse  rail  is  a  little  too  high  at  both 
the  top  and  bottom  points  at  which  it  reverses,  then  the  rods 
may  be  dropped  until  the  traverse  rail  assumes  its  correct 
position.  Care  should  be  taken,  however,  to  have  the  trav- 
erse rails  perfectly  horizontal  and  the  studs  in  the  slots  of 
the  lever  n  all  set  at  the  same  point  on  one  side  of  the  frame. 

23.  To  set  the  builder  motion  shown  in  Fig.  15,  turn 
the  gears  until  the  pinion  gear  is  at  the  central  part  of  the 
mangle  gear.  When  in  this  position,  the  top  of  the  traverse 
rail  should  be  in  the  exact  center  of  the  spool  and  the  chain 
attached  to  the  segment  should  leave  the  segment  at  exactly 
its  central  position.  At  the  points  of  reversing,  the  top  of 
the  traverse  rail  on  one  side  should  have  the  same  relative 
position  to  the  top  heads  of  the  spools  that  the  top  of  the 
traverse  rail  on  the  other  side  has  to  the  bottom  heads  of 
the  spools.  With  this  motion  the  gear  driving  the  gear  /  is 
the  change  gear;  the  larger  the  gear,  the  longer  will  be  the 
traverse. 

Another  adjustment  of  the  traverse  may  be  made  by  means 
of  the  segment  /„  which  is  attached  to  the  segment  arm  /, 
by  a  bolt  in  such  a  manner  that  it  may  be  moved  either 
toward  or  away  from  the  shaft  carrying  the  segment  arm. 
By  moving  the  segment  toward  the  shaft,  the  traverse  is 
shortened.  By  moving  the  segment  away  from  the  shaft, 
the  traverse  is  lengthened.     If  the  length  of  the  traverse  is 


22  SPOOLERS  §46 

correct  but  the  rail  does  not  reverse  at  exactly  the  right 
point,  this  may  be  adjusted  by  altering  the  point  at  which 
the  dog  Ux  is  set  screwed  to  the  lifting  rod  //.  Care  should 
be  taken,  however,  to  have  the  traverse  rail  perfectly  level. 
The  thread  guides  are  adjustable  on  the  traverse  rail,  and  in 
some  cases  their  position  is  changed  in  order  that  the  yarn 
may  be  wound  correctly  on  the  spool.  Sometimes  the 
spools  at  one  end  of  the  frame  are  correctly  wound  while 
those  at  the  other  end  are  wrong.  In  such  cases  the  lifting 
rods  that  support  the  traverse  rail  are  not  sufficiently  well 
lubricated  or  are  sticking  for  some  other  reasons. 

The  upper  and  lower  plates  of  each  thread  guide  should 
be  set  at  such  a  distance  apart  that  the  yarn  will  just  pass 
through  without  chafing.  It  is  a  good  plan  to  use  No.  7  or 
No.  9  card  gauge  to  set  these  on  fine  yarns  and  No.  11  on 
coarse  yarns,  or  even  No.  7  and  No.  9  together,  equaling 
No.  16,  on  very  coarse  yarns.  The  settings  of  these  plates 
should  be  looked  over  frequently. 
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24.  Properly  Shaped  Spools. — The  faults  caused  at 
the  spooler  are  generally  in  connection  with  the  shape  of  the 
spool.  If  the  traverse  given  to  the  thread  guides  is  not 
sufficiently  great,  soft  places  at  both  the  top  and  bottom  of 
the  spools  will  result.  If  the  length  of  the  traverse  is 
correct  but  so  set  that  it  runs  up  too  high,  a  hard  place 
is  formed  at  the  top  of  the  spool  and  a  soft  place  at  the 
bottom.  If  the  length  of  traverse  is  correct  but  runs  down 
too  far,  then  the  opposite  effect  is  produced.  Care  should 
always  be  taken  to  have  the  bearings  of  the  lifting  rods  well 
lubricated,  since  if  these  are  sticking,  the  spools  will  not 
be  filled  correctly. 

25,  Speed. — It  is  not  desirable  to  run  spoolers  too 
fast,  since  slower  speeds  tend  to  maintain  the  strenjith 
of  the  yarn,  leaving  it  more  elastic  and  causing  fewer  knots 
in  the  warp.     It  is  much  better  to  have  a  few  extra  spoolers 
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than  to  strain  the  yam  by  endeavoring:  to  run  it  through 
fewer  spoolers. 

26.  Number  of  Spindles. — Where  it  is  possible  to  be 
arranged,  it  is  a  good  plan  to  have  the  number  of  spindles 
on  both  sides  of  the  spooler  just  equal  to  the  number  of 
spindles  on  one  side  of  the  spinning  frame.  By  this  means 
one  doffing  of  a  spinning  frame  will  supply  two  rounds  to 
the  spooler,  and  if  all  the  spindles  are  kept  running  in  both 
frames,  one  doff  will  be  completely  used  before  another  one 
is  started  on.  In  this  manner  bad  bobbins  or  poor  doffings 
may  be  traced  more  readily. 

27.  BiarkinsT  Spools. — It  is  well  to  have  the  spooler 
tenders  mark  with  chalk  all  spools  that  they  fill,  so  that  the 
counts  of  the  yam  may  be  easily  ascertained.  This  prevents 
the  mixing  of  yam  of  different  counts.  Some  mills  use 
spool  >  with  different  colored  heads,  one  color  always  being 
used  for  a  certain  count.  This  answers  the  ptupose  better. 
It  may  also  be  often  found  advisable  to  have  each  spooler 
tender  mark  her  number  on  the  yam  on  each  spool  she  fills, 
in  order  to  readily  trace  each  tender's  work. 

28.  Waste. — It  is  necessary  for  the  overseer  of  a  spool- 
ing room  to  see  that  the  bobbins  are  emptied  of  yam  before 
being  returned  to  the  spinning  room,  and  also  that  no  yam 
is  thrown  on  the  floor,  but  retained  to  be  sold  as  waste. 
With  a  good  quality  of  yam  the  percentage  of  loss  through 
waste  ought  not  to  exceed  from  t  to  i  of  1  per  cent.  This 
is  with  the  yam  wound  on  bobbins.  When  the  yam  comes 
to  the  spooler  on  cops,  the  waste  amounts  to  It  per  cent. 

29.  Method  of  Vnying  Spooler  Tenders. — Spooler 
tenders  are  paid,  as  a  rule,  by  the  n:ni:ber  of  boxes  that 
they  spool;  that  is.  the  :::3c:ber  of  dofficgs  of  the  spinning 
frame  that  are  sent  to  ±en:.  In  son:e  znills  s;KX/!er  tenders 
are  paid  by  the  cay.  In  paring  the  s;>G</!er  tesder  by  the 
box.  the  amount  <.:  j^rr.  :ontaine<i  :r.  one  box  :•>  ascertained 
and  the  pric^  for  spcolin^  a  V.i  :>  calr-Iatec  at  v>  m-ih 
per  pound.     A  higher  rate  is  -^jidd  p^rr  poind  i'jz  nne  jams 
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than  for  coarse  yams,  as  it  takes  a  longer  time  to  spool  a 
pound  of  fine  yam  than  to  spool  a  pound  of  coarse  yam. 
In  order  to  fix  the  rates,  the  theoretical  production  of  the 
spooler  is  found  by  calculation  and  the  price  fixed  so  as  to 
enable  the  spooler  tender  to  earn  usually  about  $6  per  week, 
although  this  varies  in  diflEerent  districts. 

30.  Knot  Tying. — One  of  the  greatest  difficulties  met 
with  at  the  spooler  is  knot  tying.  As  spooler  tenders  are 
usually  paid  on  the  piece-work  plan,  they  are  therefore  gen- 
erally anxious  to  turn  out  as  many  spools  as  possible; 
consequently,  whenever  an  end  breaks,  the  tender  ties  it  up 
as  rapidly  as  possible,  in  many  cases  making  a  large  knot 
and  leaving  long,  loose  ends.  When  knots  of  this  character 
come  to  the  weaving  process,  they  are  sure  to  break  the  end 
containing  the  knot,  and  in  many  cases  will  also  succeed  in 
breaking  out  many  others,  causing  a  much  longer  and  more 
serious  delay  at  the  loom  than  would  have  been  required  at 
the  spooler.  Overseers  of  spooling  rooms  should  always 
require  the  spooler  tenders  to  tie  as  small  and  neat  a  knot  as 
possible,  a  weaver's  knot  being  preferable  in  every  respect. 

Several  inventions  known  as  knot  tiers  have  been  patented, 
their  object  being  to  do  away  with  the  evils  just  referred  to. 
It  is  claimed  by  the  makers  that  by  using  these  and  thus 
tying  the  knots  mechanically,  large  knots  and  long,  loose 
ends  are  entirely  done  away  with.  In  some  cases  one  knot 
tier  serves  for  one  side  of  the  machine;. it  is  attached  to  an 
iron  rod  behind  the  spools  and  is  capable  of  being  moved 
along  this  rod  to  any  position  desired.  In  other  cases  the 
knot  tier  serves  for  only  one  spool,  there  being  one  for  each 
spool  on  the  machine;  while  in  still  other  cases  the  knot  tier 
is  so  constructed  that  it  can  be  carried  around  by  the  spooler 
tender  and  taken  to  any  spool  on  the  frame  as  needed. 

31.  Tli<*  Barber  Kuotter. — A  knot  tier  that  is  meeting 
with  considerable  favor  is  illustrated  in  Fig.  17  and  is  known 
as  the  Barber  knot  tor.  It  is  worn  on  the  left  hand  of  the 
operator,  with  the  thumb  resting  at  y.  The  ends,  one  from 
the  spool  and  one  from  the  bobbin,  are  drawn  over  the  toj) 
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of  the  machine,  as  shown  in  the  illustration.  By  pressing 
down  on  y  with  the  thumb,  the  clamp  bars  yt  are  caused  to 
revolve,  and  in  doing  so  form  a  loop  in 'the  yarn,  cut  the 
ends,  and  then  draw  the  severed  ends  through  the  loop,  thus 
making  a  knot.  The 
bar  y^  is  then  made  to 
slide  out  and,  by  press- 
lag  against  y»,  holds 
the  yarn  at  the  point  y^y 
when  the  parts  y,  and  y^ 
move  away  from  the 
side  of  the  machine; 
since  the  yarn  is  held 
securely  at  the  point  jv* 
and  also  by  the  clamp 
bars  jVi,  it  will  be  drawn 
tight,  thus  securely  fast- 
ening the  knot  that  has 
previously  been  tied. 
It  is  claimed  that  by 
having  the  spooler  tenders  use  this  knotter,  not  only  will  the 
production  be* increased  at  the  spooler,  but  the  capacity  of 
the  weave  room  will  also  be  increased,  due  to  the  knots  being 
tight  and  having  the  ends  short  and  perfectly  trimmed. 
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SPEED    CAL-CUI-ATIONS 

32.  There  are  not  very  many  calculations  connected 
with  the  spooler,  the  spindle  speed,  change  gear,  and  pro- 
duction covering  about  all. 

Figuring  the  speed  of  the  spindles  is  a  simple  calculation 
to  which  the  ordinary  rules  for  this  class  of  examples  will 
be  found  to  apply. 

Example  1. — The  main  shaft  of  a  room  runs  200  revolutions  per 
minute  and  carries  an  11 -inch  pulley  driving  a  10-inch  pulley  on  a 
spooler.     The  cylinder  on  the  spooler  is  6  inches  in  diameter,  and  the 
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whorl  of  the  spindle  is  H  inches  in  diameter.     What  is  the  speed  of 

the  spindle? 

200  X  11  X  6       _^  .  . 

Solution. —        —  iTt: -t-r —  =  ^^  rev.  per  mm.    Ans. 

One  point  should  be  noted  in  this  connection — that  the 
true  diameter  of  the  whorl  cannot  correctly  be  considered 
the  actual  diameter  on  which  the  band  runs,  since  the  band, 
being  round,  is  of  a  measurable  diameter,  and  therefore  its 
diameter  should  be  added  to  that  of  both  the  drum  and 
whorl  in  order  that  more  accurate  results  may  be  obtained. 

Example  2. — Suppose  that  in  the  example  just  stated  the  band 
is  A  inch  in  diameter;  then  add  this  thickness  to  the  diameters  of  the 
drum  and  whorl. 

200  X  11  X  C)-Ps 
Solution.—    r--— y^-     =  806.66  rev.  per  mi n.    Ans. 

A  still  more  accurate  method  would  be  to  turn  the  drum 
around  once  by  hand  and  count  the  number  of  revolutions 
that  the  spindles  make  during  this  time.  Then,  by  figuring 
the  speed  of  the  drum,  the  speed  of  the  spindles  may  be 
readily  ascertained.  

CHANGE    GEAR 

33.  In  figuring  the  change  gear  for  a  spooler,  the  length 
of  the  traverse  is  in  direct  proportion  to  the  size  of  the 
gear;  consequently,  if  the  size  of  the  gear  and  the  length 
of  traverse  it  gives  are  known,  the  desired  gear  for  any 
traverse,  or  the  traverse  that  any  size  gear  will  give,  may 
be  easily  found. 

To  find  the  gear  required  to  give  a  desired  length  of 
traverse  when  the  gear  being  run  and  the  length  of  traverse 
it  gives  are  known: 

liulv  1. — Multiply  the  traverse  j^ear  being  used  by  the  lenj^th 
of  traverse  desired  and  divide  the  result  by  the  length  of  trav- 
erse being  run, 

ExAMi'LK  1. — An  11 -tooth  gear  is  being  used  and  gives  a  .H-inch 
traverse.     What  gear  will  be  required  for  a  4i-mch  traverse? 

11  X  4.1       . 
Solution. —  -  -^,-    -  =  '.»-tooth  gear.     Ans. 
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To  find  the  length  of  traverse  that  a  certain  gear  will  give 
when  the  gear  being  used  and  the  length  of  traverse  it  gives 
are  known: 

Kule  II. — Mtdtiply  the  length  of  traverse  being  run  by  the 
^ear  to  be  used  and  divide  this  result  by  the  gear  being  used. 

Example  2.— An  11-tooth  gear  gives  a  5J-inch  traverse.  What  trav- 
erse will  a  9-tooth  gear  give? 

5i  X  9 
Solution.—  -^— —  =  AV'  traverse.    Ans 


PRODUCTION 

34.  When  figuring  the  production  of  a  spooler,  the  fol- 
lowing will  prove  of  advantage:  The  production  of  a 
spooler  with  a  spindle  speed  of  750  revolutions  per  minute 
has  been  found  from  actual  practice  to  be  90  hanks  per 
spindle  in  10  hours.  From  this  the  number  of  pounds  or 
ounces  per  spindle  may  be  figured,  since  hanks  divided  by 
counts  equals  pounds.  For  example,  suppose  the  spooler  is 
running  30s,  then  the  production  per  spindle  will  be  00  -t-  .SO, 
or  3  pounds. 

In  case  the  spindle  speed  differs  from  that  stated  above, 
the  production  may  be  figured  by  proportion. 

Example. — What  would  be  the  production  per  spindle  in  10  liourn 
of  a  spooler  with  a  spindle  speed  of  iKX)  revolutions  per  minute  h\H>t)\- 
ingSOs? 

Solution.—  750  :  900  =  90  :  ;r 

900  X    90  =  81,000 
81,000  ^  im  =  108  hanks 
108 -^    80=  l.ri^lb.     Ans. 
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PRINCIPAL  PARTS  OF  WARPERS 


BNTWISTIiE    WAKPBR 

1.  Introductory. — Warping,  the  process  that  follows 
spooling,  is  an  important  feature  of  the  ordinary  method  of 
cotton-warp  preparation.  As  the  yarn  comes  from  the 
spooler,  it  is  taken  to  the  machine  known  as  the  warper, 
the  object  of  which  is  to  unwind  the  yarn  from  a  large 
number  of  spools  and  place  it  in  an  even  sheet  on  a  beam, 
which  is  a  cylinder  of  suitable  length  with  heads  at  each 
end.  The  yarn  is  then  in  a  more  suitable  shape  for  handling 
in  the  future  processes.  Warping  is  divided  into  several 
different  classes  according  to  the  manner  in  which  the  yarn 
is  treated.  The  class  being  dealt  with  at  present  is  known 
as  beam  warping,  from  the  fact  that  the  yarn  as  it  is  unwound 
from  the  spools  is  wound  on  a  beam. 

2.  The  plan  on  which  the  warper  for  beam  warping  is 
constructed  and  operated  is  simple,  as  it  consists  of  arran- 
ging spools  of  yam  in  a  creel  so  that  they  revolve  with  the 
least  possible  resistance,  while  the  yarn  that  they  contain  is 
wound  op  a  roll,  or  beam,  rotated  by  contact  with  a  revolv- 
ing cylinder.  As  warpers  do  not  vary  much  in  their  general 
construction,  a  description  of  the  EntwiHtle  will  serve  as 
ftn  explanation  of  all.  The  special  devices  will  be  described 
later.  Fig.  1  shows  the  creel  and  warper  as  they  appear 
when  in  operation,  while  Fig.  2  shows  a  section  of  the  parts 
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of  the  warper  with  which  the  yam  comes  in  contact  wb 
passing  from   the  creel  to  the  beam.     Referring   to  tliese 
fibres,  a  shows  the  creel  that  holds  the  spools  ^.    The  ends 
are  gathered  from  the  spools  and  passed  between  the  giiid 
rods  CtC,:  they  then  pass  throngh  the  expansion  comb  4kf 
under  the  drop  roll  e^  over  the  guide  roll  /,  through  the  drop 
wires ^»j^,,  through  the  exipansion  comb  ^^  over  the  measur- 
ing roll  A,  and  then  to  the  beam  kt  on  which  they  are  wouni 
in  an  even  sheet. 

3,  Warper  Creels,— The  essential  features  of  all  creeW 
are  to  have  them  so  constructed  that  the  different  ends  will 
be  unwound  from  the  spools  without  snarling?  that  the  pull 
on  the  yam  will  be  as  straight  as  possible;  and  that  there 
will  be  the  least  possible  strain  on  the  yarn.  The  form  most 
generally  used  at  the  present  time  is  known  as  the  V  creel» 
shown  in  Fig»  3.     It  is  so  constructed  that  it  holds  the  spools 
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in  tiers;  the  end  from  any  spool  can  pass  to  the  warper 
as  nearly  a  straight  line  as  possible  without  rubbing  againfl 
any  other  spooL  The  creels  are  made  of  wood  but  haH 
metal  or  glass  rods  on  the  outside  strips  to  reduce  the  fric 
tion  on  the  threads  as  miich  as  possible.  The  ends  of  tW 
wooden  skewers  passing  through  the  spools  rest  in  metal  or 
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glass  steps  inserted  in  or  attached  to  the  side  ot  the  frame- 
work; by  this  method  the  least  possible  resistance  to  the 
turning  of  the  spools  is  obtained.  A  glass  step  is  shown 
in  Fig.  4.  Creels  are  usually  screwed  to  the 
floor,  but  the  distance  between  the  strips 
supporting  the  spools  can  in  some  cases  be 
changed  to  meet  the  requirements  of  differ- 
ent sized  spools.  Creels  generally  have  a 
capacity  of  15  spools  in  a  vertical  row  and 
17  in  a  horizontal  row;  the  creel,  conse- 
quently, holds  510  spools — 255  on  each  side. 
Different  sizes  are,  of  course,  met  with, 
creels  with  a  capacity  of  780  spools  being 
sometimes  used. 

In  passing  the  ends  from  the  creel  to  the 
warper,  those  from  the  front  of  the  creel  come 
to  the  center  of  the  comb  d.  Fig.  2,  while  those 
at  the  right  hand  of  the  creel  at  the  back  come 
to  the  right-hand  side  of  the  comb  and  those  from  the 
left  of  the  creel  at  the  back  come  to  the  left-hand  side  of 
the  comb.  The  first  end  taken  from  either  side  of  the  creel 
should  be  the  one  from  the  top  spool  in  the  front  row  on 
that  side,  and  the  ends  should  then  be  taken  in  regular  order 
downwards.  When  the  ends  have  been  taken  from  the  front 
row  of  spools  in  this  manner,  the  second  row  should  be 
treated  in  the  same  way,  and  so  on  until  the  ends  from  all 
the  spools  in  the  creel  have  been  taken  to  the  warper. 

The  V  creel  is  not  the  only  style  used  in  connection  with 
warpers,  as  spools  are  sometimes  placed  on  an  almost  hori- 
zontal creel  immediately  behind  the  machine  and  also  on  a 
vertical  creel  behind  this,  while  for  a  small  number  of  ends  a 
curved  framework  is  sometimes  used. 
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4.  Expansion  Conibn. — The  first  important  part  of  the 
warper  with  which  the  yam  comes  into  contact  as  it  passes 
from  the  creel  is  the  oxpannlon  eonib  d.  Fig.  2,  shown 
alone  in  Fig.  5.  It  is  constructed  by  inserting  wire  teeth  ^/, 
through  spiral  springs  ^,,  which  are  held  by  the  rods  d^.     A 
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rod  d^  that  passes  through  the  springs  d^  is  connected  ta 
a  thin  brass  strap  d^  wound  around  a  stud  on  the  hand 
wheel  d^.  These  parts  are  duplicated  at  the  other  end  of 
the  comb.  The  tension  on  the  springs  d^  may  be  increased 
or  lessened  by  turning  the  hand  wheel  ^,,  so  that  the  spaces 
between  the  wire  teeth  may  be  enlarged  or  reduced*  and  the 
fineness  of  the  comb  regulated  so  as  to  uniformly  distribute 
the  sheet  of  yarn  over  the  whole  width  of  the  machine  irre- 
spective of  the  number  of  ends  being  run.  The  center  of  an 
expansion  comb  is  usually  designated  by  having  the  central, 
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tooth  slightly  shorter  than  the  others,  so  as  to  readily  show" 
where  to  begin  passing  the  ends  through  the  comb  when 
starting  a  new  set  of  spools  in  a  warper. 

Fig.  2  shows  two  expansion  combs  d^  d^  on  one  warper  J 
In  some  cases  the  teeth  in  the  comb  at  the  front  of  the 
machine  are  made  of  round  wire* 

5,  Drop  Roll, — Passing  from  the  expansion  comb*  the 
yarn  comes  into  contact  with  the  drop  roll  e.  Fig.  2,  which 
takes  up  any  stack  yam  that  may  be  let  off  by  the  spools 
and  not  taken  tip  by  the  beam*  When  the  warper  is  stopped 
for  any  cause,  the  momentum  of  the  spools  causes  consider- 
able yarn  to  be  unwound,  which,  if  not  taken  care  of  in  some 
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manner,  may  become  snarled  and  break  when  the  warper 
is  again  started.  The  roll  ^  is  a  brass  roll  having  bearings 
that  slide  in  almost  vertical  slots  <?,  constructed  in  the  inside 
of  the  frame.  It  is  supported  by  the  yarn  alone,  the  tension 
of  which  is  sufficient  for  this  purpose  except  when  the  ends 
become  slack  owing  to  the  warper  being  stopped;  in  such 
cases  the  roll  drops  in  its  guide  slots,  taking  down  the  slack 
yarn  and,  as  the  yam  is  supported  on  each  side  of  the  drop 
roll  by  the  rods  ^.,  r„  Fig.  2,  6  feet  of  slack  yarn  can  be 
taken  care  of,  although  the  roll  drops  only  about  8  feet.  It 
should  be  understood  that,  if  a  smaller  amount  of  yarn  is  let 
off,  the  roll  drops  only  far  enough  to  take  up  the  slack,  when 
it  is  again  supported  by  the  tension  of  the  yarn. 

6.  Stop-Motion. — The  principal  object  of  a  warper  is  to 
wind  on  a  beam  an  even  sheet  of  yarn  that  consists  of  the 
same  number  of  ends  at  all  times.  To  aid  in  accomplishing 
this,  all  modem  warpers  are  supplied  with  Htop-niotlotiH, 
which  stop  the  machine  if  a  single  end  breaks  while  passing 
from  the  creel  to  the  beam.  They  also  lessen  the  cost  of 
production  by  reducing  the  number  of  persons  necessary  to 
tend  the  machines,  since  one  attendant  is  then  able  to  oi)cratc 
from  four  to  eight  warpers. 

The  principle  on  which  the  stop-motion  is  constructed  is 
that  of  having  each  end  that  passes  from  a  spool  to  the  beam 
threaded  through  a  drop  wire,  which  is  either  held  upright  or 
in  some  cases  entirely  suspended  by  the  thread.  In  case  any 
end  breaks,  the  drop  wire  that  it  supports  falls  and,  by  suit- 
able mechanism,  shifts  the  belt  to  the  loose  pulley  and  stops 
the  machine.  The  relative  position  that  these  drop  wires 
g^gx  occupy  in  the  warper  is  shown  in  Fig.  2,  while  the 
mechanism  of  the  stop-motion  itself  is  shown  in  Fig.  0.  The 
foot-board  5„  Fig.  6.  is  pressed  by  the  operator  when  starting 
the  machine;  this  turns  the  shaft  i,  to  which  is  fastened  the 
lever  f,  carrying  the  weight  j,;  at  the  same  time  the  r*A  %.  in 
lowered  until  the  notch  j,  drops  below  a  hole  in  the  casting  i», 
when  s^  falls  to  the  right  and  is  held  in  this  j><'/sition.  although 
the  weight  i.  is  constantly  tending  Vt  raise  the  f^/^^t^y/ard  !• 
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and  the  rod  5«.  The  cam-bowl  r  attached  to  the  lever  r, 
works  in  the  revolving  cam  n.  The  rod  r,  being  attached  to 
the  lever  r„  is  given  an  up-and-down  motion  and  slides  in  the 
bearing  r*;  when  in  its  normal  position  it  just  clears  the  cast- 
ing X,  At  its  upper  end,  r,  supports  the  part  v  by  means  of 
a  suitable  projection.     As  r,  is  pushed  up  it  takes  with  it  v\ 


Fig.  (5 

when,  however,  it  is  brouj^^ht  down,  it  has  no  other  effect  out* 
than  to  allow  it  to  fall  by  means  of  its  own  weight,  which  it 
docs  if  it  is  not  obstructed  in  any  manner.  The  rod  v^,  which 
works  on  a  shaft  on  which  are  fastened  the  feelers  z',,  is  con- 
nected to  v\  consccinently.  as  v  is  worked  up  and  dowTi,  it 
gives  an  oscillatinj^  motion  to  the  feelers  z/,.     The  drop  wires 
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are  arranged  in  two  rows,  which  economizes  space,  since  if 
all  the  drop  wires  that  are  required  for  the  number  of  ends 
run  were  placed  on  one  bar,  the  space  necessary  would  be 
considerably  in  excess  of  the  space  required  for  the  ends. 

In  case  any  end  from  the  creel  breaks  while  passing  to  the 
beam,  the  drop  wire  through  which  it  is  threaded  drops  and 
lies  in  the  path  of  one  of  the  oscillating  bars  z/„  thus  prevent- 
ing V  from  dropping.  Consequently,  when  the  rod  r,  is 
brought  down  by  the  action  of  the  cam  n  and  lever  r„  a 
shoulder  on  r.  will  come  in  contact  with  a  shoulder  on  v  at 
the  point  z/,.  Since  v  cannot  be  pushed  to  the  left  because 
of  the  bearing  r«,  the  upper  end  of  the  rod  r,  will  be  pushed  to 
the  right  and  its  notch  will  engage  with  the  lever  x,  caus- 
ing the  upper  end  x^  to  be  thrown  to  the  left,  as  it  swings 
about  the  point  x^.  As  x^  is  brought  forwards,  the  projec- 
tion x»  engages  with  the  rod  s^  and  pushes  it  to  the  left  far 
enough  to  allow  the  notch  5.  to  be  free  of  the  casting  5.;  this 
allows  the  weight  Sy  to  push  up  the  foot-board  ^3  and  with  it 
the  rod  ^4,  shifting  the  belt  to  the  loose  pulley  by  the 
mechanism  shown  in  Fig.  1,  and  stopping  the  machine. 
After  the  attendant  has  pieced  the  broken  end,  it  is  simply 
necessary  to  press  down  on  the  foot-board  5,,  when  the 
different  parts  will  assume  their  former  positions  and  the 
belt  will  be  held  on  the  tight  pulley. 

The  manner  in  which  the  foot-board  5,  moves  the  belt  from 
one  pulley  to  another  is  shown  in  Fig.  1.  At  the  driving 
side  of  the  machine  the  foot-board  is  connected  by  two  short 
arms  to  a  stud  that  carries  a  lever  j„  which  at  its  inner  end 
supports  a  stud  working  in  a  slot  in  the  casting  s.  that  carries 
the  belt  shipper  5..  As  the  foot-board  5,  is  pressed  down,  the 
inner  end  of  the  lever  ^„  together  with  the  stud  that  it  car- 
ries, is  raised.  Owing  to  the  inclined  position  of  the  slot 
in  the  casting  5.,  the  stud  in  rising  will  move  this  casting, 
together  with  the  belt  shipper  5.,  to  the  left,  shifting  the  belt 
from  the  loose  pulley  p^  to  either  the  slow-motion  pulley  /, 
or  the  tight  pulley  /,  as  may  be  desired.  When  the  foot- 
board s^  rises,  the  action  of  course  will  be  opposite  to  that 
described  and  the  belt  will  be  carried  to  the  loose  pulley  A- 
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In  this  warper,  the  drop  wires  are  mounted  on  brass  blocks, 
each  of  which  contains  four  drop  wires.  In  case  any  of  the 
wires  become  damaged,  it  is  possible  to  remove  the  blocks 
containing  them  by  simply  sliding  them  out  at  one  side  of 
the  machine;  the  manner  in  which  they  are  supported  is  shown 
at  gt.  Fig.  2.  When  an  end  breaks  and  the  drop  wire  falls, 
it  rests  on  the  horizontal  rod  ^„  Fig.  2,  which  brings  it  directly 
in  the  path  of  the  oscillating  bars.  The  arms  jx  support 
wires  y,  extending  the  whole  length  of  the  machine  directly 
back  of  each  row  of  drop  wires.  When  the  belt  is  shifted  to 
the  tight  pulley,  the  rods  /  are  turned  sufficiently  to  bring 
the  arms/,,  together  with  their  wires/,, low  enough  to  allow 
the  drop  wire  when  it  falls  to  come  in  the  path  of  the  oscil- 
lating bar.  When,  however,  an  end  breaks  and  the  machine 
is  stopped,  the  mechanism  that  shifts  the  belt  to  the  loose 
pulley  causes  the  rods  /  to  be  turned  and  the  rods  /,  to  lift  all 
the  drop  wires  into  the  position  that  they  assume  when  held 
upright  by  the  threads  passing  through  them.  By  this  means 
the  ends  that  are  broken  are  easily  rethreaded  by  the  attend- 
ant when  piecing  up. 


7.     Measuring  Motion. — As  shown  in  Fig.  2,  the  yam 
after  passing  through  the  drop  wires  of  the  stop-motion,  next 

passes  through  the 
expansion  comb  </, 
and  then  over  the 
measuring  roll  h^ 
which  is  driven  by 
the  friction  of  the 
yarn;  consequently, 
when  it  has  made  one 
revolution,  a  length  of 
yarn  equal  to  the  cir- 
cumference of  the  roll 
has  been  wound  on  the 
beam.  The  gearing 
by  means  of  which  the  amount  of  yarn  run  is  recorded  is 
shown  in  Figs.  6  and  7.     On  the  end  of  the  measuring  roll  A, 


Fig.  7 
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which  is  12  inches  in  circumference,  is  a  single-threaded 
worm  /  that  gears  with  the  worm-gear  /,  on  the  shaft  /.;  on 
the  other  end  of  this  shaft  is  the  single-threaded  worm  /, 
gearing  with  the  worm-gear  /*  on  what  is  known  as  the 
measuring  disk.  This  disk  carries  a  barrel  u  that  contains 
spiral  grooves  in  which  sets  a  projection  on  the  finger  «,;  the 
gears  in  this  train  are  as  follows:  /,  single-threaded  worm;  /,, 
90  teeth;  /„  single-threaded  worm;  /*,  100  teeth.  By  this 
arrangement  one  revolution  of  the  barrel  u  represents  3,000 
yards  run  on  the  beam.  In  warping  yarn,  3,000  yards  is 
spoken  of  as  one  wrap;  thus,  it  is  frequently  stated  that  one, 
two,  or  three  wraps  have  been  run,  indicating  that  3,000, 
6,000,  or  9,000  yards,  respectively,  have  been  run  on  the 
beam. 

The  action  of  the  measuring  motion  in  stopping  the 
warper  is  as  follows:  So  long  as  the  projection  on  the 
finger  «,  is  running  in  the  grooves  of  the  barrel  «,  the  differ- 
ent parts  are  in  the  position  shown  in  Figs.  6  and  7.  When, 
however,  through  the  revolving  of  the  barrel  «,  the  projec- 
tion on  Wi  is  caused  to  run  over  the  end  of  the  barrel  and 
out  of  the  grooves,  the  finger  «,  drops,  causing  the  end  «.  to 
rise  and  the  projection  «,  to  catch  on  v^,  and  prevent  its 
rising.  This  will  cause  v.  Fig.  6,  to  remain  up,  and  as  r,  is 
brought  down  by  the  action  of  the  cam  it  will  catch  the  lever  ;r 
and  stop  the  machine  in  the  same  manner  as  with  the  stop- 
motion.  The  barrel  u  contains  ten  grooves,  and  by  setting 
the  projection  on  the  finger  «»  in  different  grooves  when 
starting  a  new  beam,  any  number  of  wraps  that  may  be 
desired,  up  to  ten,  can  be  run  on  the  beam  before  the  warper 
is  stopped.  For  example,  if  the  projection  is  set  in  the  third 
gfToove  from  the  end  of  the  barrel,  the  barrel  must  make 
three  revolutions  before  the  machine  is  stopped.  As  each 
revolution  of  the  barrel  represents  3,000  yards  run  on  the 
beam,  then  this  will  give  a  length  of  9,000  yards  in  this 
particular  case. 

There  is  usually  attached  to  a  warper  a  clock  that  indicates 
the  number  of  yards  warped  in  any  given  length  of  time. 
This  clock  consists  simply  of  a  dial,  on  the  face  of  which  is 
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attached  a  finger  that  serves  as  an  indicator-  Suitable  geat' 
ing  is  introduced  to  drive  the  finger  from  the  measuring  roll; 
consequently,  as  the  measuring  roll  is  turned  by  the  yarn 
passing  through  the  warper,  it  in  turn  moves  the  finger  on 
tJie  dial,  and  as  suitable  mimbers  are  placed  on  the  face  of 
this  dial,  the  total  number  of  yards  warped  during  any  given 
time  is  readily  determined  by  noting  the  position  of  the 
finger,  Ff  it  is  desired  at  any  time  to  make  a  new  start  so 
as  to  determine  the  number  of  yards  warped  within  another 
given  time,  the  finger  may  be  moved  back  to  zero, 

8*     The  benm  on  which  the  yam  is  wound  at  the  warper 
is  shown  at  k.  Fig.  1;  another  view  is  given  in  Fig,  8.     The 


Fin.  « 


flanges  k^  are  known  as  the  team  heads,  while  k  is  the  barrrt\ 
Beams  for  beam  warpers  are  almost  always  made  54i  inches 
between  the  heads,  while  the  cylinders  on  which  they  run 
and  by  which  they  are  driven  are  usually  M  inches  wide. 
Beam  heads  may  be  either  18,  20,  21,  22,  23,  24»  or  26  inches 
in  diameter,  while  the  barrel  of  the  beam  is  usually  9  inche^fl 
in  diameter.  A  beam  54 i  inches  between  heads  and  with  a 
9*inch  barrel  will  hold  about  420  pounds  of  yarn  when  the 
heads  are  26  inclies  in  diameter.  With  24-inch  beads  they 
will  hold  about  SiK)  pounds;  with  22-inch  heads,  about  2.'§ 
pounds;  and  with  21 -inch  heads,  about  255  pounds. 

9.     Drive. — Figs,  1  and  9  show  the  methods  of  drivini 
the  beam  on  which  the  yarn  is  wound*     The  belt  that  runaj 
from  the  line  shaft  to  the  loose  pulley^,  may  be  shifted  fol 
the  pulley/,,  known  as  the  slow-motion  pulley,  or  to  the  tightj 
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pulley  p.  At  present  it  is  only  necessary  to  consider  pulley  p^ 
which,  being:  setscrewed  to  shaft  /„  gives  it  motion;  this 
shaft  carries  the  gear  /,  of  21  teeth  that  drives  the  gear  /,  of 
106  teeth  on  the  cylinder  shaft  /,.  The  beam  k  rests  against  the 
cylinder  /  and  is  driven  by  frictional  contact;  as  a  result,  the 
surface  speed  of  the  beam  remains  the  same  all  the  time 
that  the  beam  is  being  filled,  and,  since  its  diameter  is  con* 


Fig.  9 


stantly  increasing,  the  number  of  revolutions  per  minute 
that  it  makes  is  constantly  growing  less.  Since  it  is  the 
winding  of  the  yam  on  the  beam  that  draws  the  yarn  from 
the  spools,  the  yam  is  unwound  from  the  spools  at  the  same 
speed  throughout  the  filling  of  the  beam. 

10.  Sloi^-Mottoii  ArranK^mc^nt. — Attachments  are 
provided  on  all  warpers  by  means  of  which  they  may  be 
nm  at  two  speeds.  When  running  at  a  normal  speed,  the 
belt  is  on  the  tight  pulley/,  Fig.  9  (a);  but  there  arc  timc«j 
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when  the  warper  should  be  run  slowly;  for  instance,  in  start- 
ing a  warper,  it  is  advisable  to  impart  motion  to  the  spools 
in  the  creel  gradually,  so  that  the  yam  may  not  be  subjected 
to  a  sudden  strain.  The  advantage  of  a  slow  motion  on  a 
warper  may  be  more  readily  understood  when  it  is  realized  that 
the  yarn  taken  by  the  drop  roll  must  be  made  to  assume  a  hor- 
izontal position  before  the  warper  can  be  run  at  its  highest 
speed.  In  starting  a  warper,  the  operator  shifts  the  belt  to 
the  slow-motion  pulley,  when  the  yam  immediately  begins  to 
wind  on  the  beam,  gradually  pulling  up  the  drop  roll  as  the 
tension  of  the  yarn  counteracts  the  weight  of  the  roll.  As 
soon  as  the  roll  has  resumed  the  position  that  it  should 
occupy  while  the  warper  is  running.,  and  after  the  spools 
have  acquired  some  momentum,  the  belt  is  moved  to  the 
tight  pulley,  when  the  machine  will  run  at  full  speed. 

The  method  adopted  on  this  warper  for  altering  the  speed 
of  the  beam  is  shown  in  Fig.  9  {a).  Pulley  A  is  known  as 
the  slow-motion  pulley,  since  when  the  belt  is  running  on  this 
pulley,  the  speed  of  the  cylinder  is  greatly  reduced.  As 
this  pulley  is  fast  to  sleeve  p^,  which  is  loose  on  the  shaft,  it 
drives  gear  Ai  which  also  is  fast  to  the  sleeve.  Gear  p^  trans- 
mits its  motion  to  gear^,  by  means  of  the  compound  gear /,,^,; 
a  pawl;^8  is  attached  to  the  gear/,  by  means  of  a  stud,  while  its 
tail  is  held  by  a  spring  />,,  shown  more  fully  in  Fig.  9  {b) .  As 
the  gear/>,  revolves  in  the  direction  shown  by  the  arrow,  the 
tail  is  pressed  against  the  end  of  the  spring,  and  the  pawl  is 
caused  to  engage  with  the  ratchet  gear  /»,  which  being  fast  to 
the  shaft  /,  gives  motion  to  the  cylinder  of  the  warper.  The 
number  of  teeth  in  these  gears  is  p^,  30;  /.,  72;  /,,  30;  /„  72. 

In  the  slow-motion  drive,  it  must  be  remembered  that 
the  slow-motion  pulley,  the  sleeve  to  which  it  is  attached, 
and  all  the  gears  in  the  train  (with  the  exception  of 
the  ratchet  gear  L)  are  loose  on  the  shaft  /,  and,  conse- 
quently, cannot  have  any  effect  on  this  shaft,  except 
as  they  affect  some  mechanism  connected  to  the  shaft, 
which  in  this  case  is  the  gear  /..  When  the  belt  is  on 
the  tifjht  pulley  the  spring  />„  which  is  sprung  around  the 
shaft  /„  tends  to  revolve  with   the   shaft  and  thus  throws 
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the  pawl  out  of  contact  with  the  ratchet  gear  by  engagfingf 
its  tail.  Under  these  conditions  the  slow-motion  pulley  A» 
sleeve  ^„  gears  p^,  /,» A»  and  >„  are  stationary  unless  the 
friction  between  the  shaft  /,  and  sleeve  /,  is  sufficient  to 
give  a  slight  motion  to  the  sleeve.  The  heavy  balance 
wheel  /,  is  driven  by  the  gears  /*,  /«,  and  serves  to  stop 
the  machine  gradually  when  an  end  breaks  or  the  desired 
length  has  been  run  on  the  beam,  thus  lessening  the  liability 
of  the  ends  overrunning  on  the  spools  in  the  creeL 


DRAPER    WARPER 

11,  Many  parts  of  the  Draper  ivarper  differ  from  those 
of  the  Entwistle  warper.  A  section  through  certain  of  the 
parts  of  this  warper  is  shown  in  Fig.  10;  d^  dx  are  the  expan- 
sion combs;  r,  Cxy  guide  rods;  r.,  f„  r*,  guide  rolls;  //,  the 
measuring  roll;  and  e^  the  roll  that  takes  up  the  slack  yam. 
The  passage  of  the  yarn  from  the  creel  to  the  beam  is  also 
shown,  the  direction  being  indicated  by  arrows. 

12,  Rise  Roll. — As  shown  in  Fig.  10,  the  slack  yam  is 
taken  care  of  by  a  rise  roll  instead  of  a  drop  roll.  This  rise 
roll  is  carried  at  each  end  in  a  sliding  rack  ^»,  which  contains 
teeth  that  engage  with  the  gear  <?.  on  the  shaft  e^.  Motion  is 
given  to  the  shaft  e^  by  means  of  the  weight  e^  and  chain  ^,. 
The  rise  roll  is  kept  down  by  the  tension  on  the  threads,  so 
that  should  any  slack  yarn  be  let  off,  the  weight  e^  drops; 
this  causes  the  gear  e^  to  revolve,  and  raises  the  rack  e^  and 
the  roll  e.  When  the  yarn  becomes  tight  again,  the  weight 
is  prevented  from  dropping  and  the  different  parts  assume 
the  position  shown  in  Fig.  10.  When  the  machine  is  started, 
the  tension  on  the  yarn  is  sufficient  to  raise  the  weight,  and 
the  roll  e  consequently  drops  until  the  yam  forms  a  nearly 
straight  line  in  passing  from  c^  to  r,. 

13,  Walmsley  Stop -Motion. — The  stop -motion  em- 
ployed on  the  Draper  warper  is  known  as  the  Walmsley 
stop-motion;  it  is  shown  in  Fig.  11.  Certain  parts  that 
complete  the  operation  of  this  stop-motion  are  also  utilized 
in  stopping  the  machine  in  connection  with  the  measuring 
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motion,  so  that  one  description  will  suffice  for  both.  As 
shown  in  Fig.  11,  a  shafts  carries  a  treadle,  or  foot-board,  s» 
at  the  front  of  the  machine  and  also  a  lever  extending  toward 
the  back  of  the  machine,  on  which  is  a  weight  Si.  The  weight 
of  the  foot-board  is  overbalanced  by  the  weight  5i,  so  that 
there   is   a  constant  tendency  for   the  foot-board   to  rise. 


Fio.  11 

Attached  to  the  shaft  5  is  a  lever  j,  with  a  vertical  rod  s^y  car- 
rying a  projection  s.  at  its  upper  end;  j,  is  a  bracket  attached 
to  the  framework  of  the  machine.  When  the  foot-board  s»  is 
pressed  downwards,  s^  drops  below  x«  and  catches  under  it; 
it  is  held  in  this  position  until  the  rod  s^  is  pushed  in  the 
direction  of  the  arrow,  when  the  latch  is  released  and  rises, 
together  with  the  levers,  and  the  foot-board,  on  account  of 
the  action  of  the  weight  St. 
88—10 
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The  rod  ^t,  by  means  of  a  cam  on  the  cylinder  shaft,  is 
moved  first  in  one  direction  and  then  in  the  other»  as  shown 
by  the  arrows  in  Fig.  11.  This  rod  carries  a  latch  ^, 
working  on  a  fulcrum  ^„  which  has  a  constant  tendency  to 
drop  at  the  end  ^«.  In  the  position  shown  in  Fig:.  11>  it  is 
held  against  Qx  at  its  upper  end  by  means  of  the  arm  v, 
which  is  kept*  pressed  against  q%  by  means  of  the  weig^l^t  ».. 
As  V  is  thus  given  an  oscillating  motion  coinciding  with  the 
motion  of  q^,  the  upper  end  of  q^  is  kept  pressed  against  qx 
by  v^  until  other  mechanism  is  brought  into  operation  to  pre- 
vent it.  So  long  as  these  parts  are  kept  pressed  together, 
the  machine  continues  to  operate;  but  if  by  any  means  the 
lower  end  q^  of  q^  is  allowed  to  drop,  it  will  come  into  contact 
with  the  upper  end  of  the  lever  x  and,  at  the  next  backward 
movement  of  the  rod  qx,  the  upper  end  of  x  is  pulled  back- 
wards by  a  projection  on  the  arm  q^  and  the  lower  end  jr, 
moved  forwards  into  contact  with  ^4,  pressing  against  s^  with 
sufficient  force  to  push  the  latch  x.  from  its  position  below  x,; 
this  allows  the  rod  s^  to  rise  and  stop  the  machine. 

14.  The  parts  from  s  to  the  arm  v  form  part  of  the 
broken-end  stop-motion  and  the  measuring  motion;  they  are 
actuated  either  by  a  broken  end  or  the  measuring  motion. 
The  method  by  which  they  stop  the  warper  when  an  end 
breaks  will  be  first  described;  g  and  gx  show  the  drop  wires 
through  which  the  threads  pass,  the  pins  being  shown  in  the 
position  they  occupy  when  held  upright  by  the  threads-  By 
the  contact  of  the  lower  end  of  v  with  the  lever  qx  through  the 
arm  ^„  an  oscillating  motion  is  given  to  the  rod  v  and,  conse- 
quently, to  all  parts  mounted  on  it,  including  the  arms  v^. 
When  all  the  drop  wires  across  the  frame  are  vertical,  each 
being  supported  by  a  thread,  the  arms  v^  swing  on  their  ful- 
crum and  the  lower  end  of  v  keeps  q^  out  of  contact  with  x. 

Should  a  thread  break  and  a  drop  wire  fall  in  front  of  either 
arm  z^,  and  thus  hold  it,  qx  is  carried  from  v  at  the  next  back- 
ward movement;  q^  drops  over  x,  pulling  it  backwards;  Xx  is 
moved  forwards;  5«  rises;  and  the  machine  stops.  As  these 
two  drop  wires  arc  representative  of  all  of  the  drop  wires 
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across  the  warper » there  being  one  to  each  end^  it  follows  that 
BO  end  can  break  without  a  drop  wire  falling  in  front  of  one  of 
the  oscillating  bars.  In  this  warper,  the  drop  wires  are  in  sets 
of  three,  each  set  mounted  on  a  brass  block. 


Fio.  13 


One  feature  of  the  Walmsley  stop-motion  is  shown  in 
Figs.  12  and  13*  When  the  eccentric  j^t  is  in  the  position 
shown  in  Fig.  12,  a  locking  bar. ^.  holds  the  blocks  of  the  drop 
wires  firroly  in  position,  allowing  the  drop  wires  themselves, 
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however,  to  rise  or  to  fall.  When  the  eccentric  is  in  the 
position  shown  in  Fig.  13,  the  locking  bar  is  raised  and  any 
one  block  carrying  three  drop  wires  can  be  removed.  The 
bar  y'a,  supported  by  arms  similar  to  /»  that  are  mounted  on 
the  shaft  /,  rises  when  the  machine  is  stopped  by  the  broken- 
end  stop-motion  and  brings  all  the  drop  wires  into  position 
to  have  the  ends  passed  through  them. 

15.  Measuring:  Motion. — The  roll  h.  Fig.  11,  acts  as  a 
measuring  roll  and  is  9  inches  in  circumference.  At  one 
end  of  its  shaft  it  carries  a  single-threaded  worm  /  driving 
a  worm-gear  t^  of  60  teeth  on  the  shaft  /..  At  the  other 
end  of  /,  is  a  gear  /,  of  20  teeth,  which  by  means  of  a  carrier 
gear  /«  drives  /.  of  100  teeth  carried  by  the  same  shaft  as  a 
single-threaded  worm  /.,  which  drives  a  40-tooth  worm- 
gear  /,  on  the  barrel  u.  The  size  of  the  measuring  roll  and 
of  the  gears  intervening  between  it  and  the  barrel  u  are  such 
that  3,000  yards  of  yarn  passes  the  measuring  roll  when  u 
makes  one  complete  revolution  and,  if  it  is  set  to  knock  off— 
that  is,  to  stop  the  warper — at  the  end  of  3,000  yards,  it 
allows  the  blade  u^  to  rise  and  the  weight  u^  on  the  other  end 
of  the  lever  w,  to  drop  when  that  number  of  yards  has  been 
measured.  The  weight  w,  falls  on  the  pin  v^  on  the  rod  r 
and,  at  the  next  oscillation  of  this  rod,  ii^  drops  behind  v^  and 
holds  the  arm'\/  away  from  ^3,  which  allows  q^  to  come  in 
contact  with  x  and  stop  the  machine. 

The  barrel  u  has  a  spiral  groove  of  10  complete  turns, 
in  any  of  which  the  blade  u^  can  be  inserted.  If  it  were  set 
in  the  rear  one,  10  X  3,000  yards  =  30,000  yards  would  be 
measured;  if  in  the  last  groove  but  one,  9  X  3,000  =  27,000 
yards  would  pass  the  roll.  If  it  were  placed  one  complete 
turn  from  the  outer  end  of  the  barrel,  u  would  revoh^e 
only  once  before  stopping  the  warper  and  3,000  yards  would 
be  measured.  It  will  thus  be  seen  that  either  3,0(X),  6,000. 
9,000,  12,(H10,  15,000,  18,000,  or  other  multiples  of  3,000  up  to 
30,000  yards  can  be  accurately  measured,  while  intermediate 
measurements  can  be  made  approximately  by  the  position 
in  which  the  barrel  u  is  set  before  commencing  operations. 


§47 


BEAM  WARPERS 


21 


16,  Slow  Motion. — The  method  adopted  on  the  Draper 
warper  to  obtain  the  slow  speed  is  illustrated  in  Fig.  14  {a) 
and  id).  Working  loosely  on  the  short  stationary  shaft  /. 
are  the  tight  pulley  p,  slow-motion  pulley  ^i,  and  loose 
pulley  pt'  When  the  belt  is  on  the  tight  pulley/,  motion  is 
transmitted  to  the  warper  through  the  gear  /,  which  is  on 
the  hub  of  this  pulley  and  drives  the  gear  /,  on  the  shaft 
that  imparts  motion  to  the  different  parts  of  the  warper. 
When  it  is  desired  to  put  the  slow  motion  in  operation,  the 


Fio.  14 


^jj-jv-ing  belt  is  shipped  to  the  pulley  ^.  In  order  to  under- 
stsit^d  the  operation  of  the  slow-motion  mechanism  it  should 
be  x'emembered  that  the  shaft  /.  is  stationary  and  simply 
serv^^^  as  a  support  for  the  different  parts  mounted  on  it. 

Fast  to  the  hub  of  the  pulley  A  is  a  gear  /.  that  drives  a 
geat"  ^«  ^^  a  shaft  supported  by  an  arm  /,  that  is  keyed 
to  the  shaft  t\.  On  the  shaft  with  the  gear  /.  is  a  gear  /, 
jY^eshing  with  a  gear  /.  that  revolves  loosely  on  the  shaft  /,. 
On  the  bub  of  the  gear  /.  is  a  ratchet  gear  /,o,  which  when  the 
belt  is  on  the  slow-motion  pulley  is  engaged  by  pawls  /.  that 
are  supported  on  small  studs  fastened  to  the  tight  pulley  fi. 
Thus,  when  the  belt  is  on  the  slow-motion  pulley  />,,  motion 
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is  imparted  to  the  tight  pulley  p,  and  consequently  to  the 
warper,  through  the  gears  /„  /.,  u,  ?.,  /,„  and  pawls  u\  but 
owing  to  the  arrangement  of  these  gears,  the  speed  is  very 
much  less  than  when  the  tight  pulley  is  driven  directly  by  the 
belt.  The  tight  pulley,  when  driven  directly  by  the  belt, 
revolves  in  the  direction  shown  by  the  arrow  in  Fig.  14  (*), 
and  the  pawls  /,  are  then  inoperative,  owing  to  their  passing; 
over  the  teeth  of  the  ratchet  gear  ^o. 

17.  Cone  Drive. — An  attachment  is  provided  on  this 
warper  by  means  of  which  the  beam  may  be  driven  at  a  slower 
speed  as  the  spools  become  nearly  empty.  The  advantage  of 
such  an  arrangement  is  clearly  seen,  for  a  spool  filled  with  yam 
is  larger  in  diameter  than  an  empty  spool;  consequently,  if  the 
same  length  of  yarn  is  being  unwound  from  each  in  the 
same  time,  the  spool  that  is  nearly  empty  must  make  more 
revolutions  per  minute  than  the  other,  which  is  undesirable. 
In  addition,  as  the  diameter  of  the  spool  decreases  the  amount 
of  pull  necessary  to  turn  it  is  increased,  which  naturally  brings 
more  strain  on  the  yam.  If,  therefore,  the  same  length  of 
yarn  is  to  be  unwound  from  the  spools  at  all  times  this  length 
cannot  exceed  what  the  yarn  will  stand  when  being  unwound 
from  the  nearly  empty  spool;  consequently,  when  the  spools 
are  full,  the  warper  is  not  run  at  its  full  capacity.  It  is  to 
overcome  this  defect  that  the  cone  drive  has  been  intro- 
duced; it  is  illustrated  in  Figs.  15  and  16. 

The  top  cone  m,  which  is  on  the  same  shaft  as  the  gear  /„ 
Fig.  14,  drives  the  bottom  cone  w,  by  means  of  the  belt  (?„ 
the  position  of  which  is  controlled  by  the  belt  guide  Ox,  Con- 
nected to  the  top  of  the  belt  guide  ^,  is  a  chain  o  that  passes 
around  the  pulley  o^  and  is  attached  to  the  pulley  o^.  Another 
chain  o^  that  is  also  attached  to  the  pulley  o^  is  connected  to 
the  lower  end  of  the  belt  guide  ^».  The  action  of  the  two 
chains  o,  o.  is  as  follows:  If  the  pulley  o^  is  revolved  in  the 
direction  shown  by  the  arrow,  the  chain  o  is  wound  up  and 
the  chain  o.  let  out,  which  will  draw  the  belt  guide  Ox  to  the 
left  and  move  the  belt  o^  toward  the  small  end  of  the  top 
cone  ;;/,  resulting  in  the  bottom  cone  w»  being  driven  at  a 
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slower  speed.  If  the  pulley  o^  is  revolved  in  the  opposite 
direction,  the  chain  o.  will  be  taken  up  and  the  chain  o  let  out, 
moving  the  belt  guide,  together  with  the  belt,  to  the  right  and 
increasing  the  speed  of  the  bottom  cone.  The  pulley  o^  is 
controlled  by  two  chains  ^,o,  ^.,  each  of  which  is  attached  to 
the  pulley  ^,  on  the  stud  with  the  pulley  o^.  The  chain  o^. 
supports  the  weight  ^.,  while  the  chain  o^  passes  partly  around 
the  pulleys  w,  iv^  and  supports  the  weight  o^.  The  weight  o^ 
is  made  heavier  than  the  weight  o^\  consequently,  if  only 


Fig.  16 

these  two  weights  were  considered,  the  chain  o^.  would 
revolve  the  pulley  o^,  together  with  pulley  o^,  in  the  direction 
opposite  to  that  shown  by  the  arrow.  When,  however,  the 
machine  is  running:,  an  arm  ^s,  which  is  weighted  at  this  end, 
rests  on  the  weight  i?,,  and  the  combined  weight  of  these  two 
parts  is  sufficient  to  overbalance  the  weight  <?.,  causing  the 
pulleys  i\,  0^  to  revolve  in  the  direction  shown  by  the  arrow 
and  the  belt  to  be  moved  gradually  toward  the  small  end  of 
the  driving  cone  ;;/.  The  manner  in  which  the  arm;',  is  con- 
trolled is  explained  in  connection  with  Fig.  16, 
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The  beam  k  is  supported  by  arms  y^,  which  are  fulcrumed 
at  points  y^x*  When  an  empty  beam  is  placed  on  the  cylinder  /, 
the  diameter  is  of  course  the  smallest,  being  only  that  of 
the  barrel  k.  As  yarn  is  wound  on  the  beam,  the  diameter 
becomes  larger,  which  causes  the  arm  j/*  to  rise.  To  the  armj^,, 
which  is  fulcrumed  at  j'.,  is  connected  a  short  arm  y.  with 
a  slot  into  which  a  pin  j/,  is  bolted;  this  pin  engages  with  a  slot  y 
in  the  arm  x.  The  slot  in  the  arm  y^  allows  the  pin  yx  to  be 
accurately  adjusted  with  the  slot  j/,  while  the  arm  y^,  being 
weighted  at  its  outer  end,  keeps  the  pin  pressed  against 
the  upper  end  of  slot  y.  As  the  arm  x  is  attached  to  the 
arm  y^,  which  carries  the  bearings  of  the  beam,  it  follows 
that  as  the  arm  y^  rises,  the  arm  x  will  also  rise  and  with  it 
the  slot  y.  This  action  of  the  different  parts  allows  the  outer 
end  of  the  arm  y^  to  drop,  thus  causing  the  weight  o^  to 
descend  also  and  move  the  belt  toward  the  smaller  end  of 
the  driving  cone  by  means  of  the  chains  o,c  When  an 
empty  beam  is  placed  in  the  warper,  the  arm  x  will  assume 
its  lowest  position,  which  will  push  down  the  pin  y^  and 
bring  the  weighted  end  of  lever  j/,  to  its  highest  position. 
As  the  warper  is  started,  the  chain  (?,o,  Fig.  15,  will,  on  account 
of  the  weight  o^  overbalancing  the  weight  o,,  revolve  the 
pulleys  o^.Ot,  in  the  direction  to  move  the  belt  toward  the 
large  end  of  the  top  cone.  This  action  will  continue  until 
the  weight  o^  has  been  raised  sufficiently  to  come  in  contact 
with  the  arm  j/,,  when  the  belt  should  be  at  the  largest 
diameter   of   the   driving   cone   tn. 

In  this  manner  the  size  of  the  beam  regulates  the  position 
of  the  belt.  In  order  that  this  motion  may  act  to  the  best 
possible  advantage,  it  is  necessary  that  full  spools  should  be 
placed  in  the  creel  when  an  empty  beam  is  placed  in  the 
warper,  since  in  this  manner  the  beam  becomes  larger  as  the 
spools  are  gradually  reduced  in  size;  consequently,  the  num- 
ber of  revolutions  per  minute  that  the  spools  make  is  approxi- 
mately'the  same  throughout  the  filling  of  the  beam.  Since  one 
set  of  spools  will  not  fill  two  beams,  the  spools  are  generally 
broken  out  and  full  ones  inserted  after  a  beam  has  been  filled. 
The  partly  full  spools  are  refilled  at  the  spooler. 
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The  manner  in  which  the  bottom  cone  drives  the  cylinder  is 
as  follows:  The  gear  w„  Fig.  15,  is  on  the  bottom  cone  shaft 
and  drives  w,.  On  the  shaft  with  w,  is  the  gear  w,  that 
drives  w.,  this  gear  being  on  a  sleeve  with  «,;  «,  drives  «*, 
which  is  on  a  shaft  extending  into,  but  not  connected  to,  the 
cylinder  and  carries  at  its  other  end  the  gear  «,  that  drives  ». 
on  the  cylinder  shaft.  The  number  of  teeth  on  each  of  these 
gears  is  as  follows:  w.,  24;  w„  64;  »„  23;  «„  23;  w„  28; 
71,,  48;  «.,  20;  w.,  46. 

18.  Beam  Doffer. — Another  device  provided  on  the 
Draper  warper  is  the  beam  doffer,  by  means  of  which  it  is 


Fig.  17 

possible  for  one  man  to  place  the  filled  beam  on  the  floor  with 
very  little  exertion.  It  is  shown  in  Fig.  16  as  it  appears  when 
the  warper  is  in  operation,  while  Fig.  17  shows  the  different 
parts  in  the  positions  that  they  assume  when  the  beam  has 
been  lowered  to  the  floor.  This  arrangement  consists  of  a 
crank-arm  y^  supporting  the  two  arms  y*,y,  in  such  a  manner 
that  the  distance  between  the  centers  of  the  beam  k  and  the 
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gear  y^  is  short  when  the  beam  is  running,  but  may  be 
increased  by  turning  the  crank  y^^.  The  rotary  motion  of 
this  crank  transmitted  by  the  gears  y.,  worm  y^^y  and  worm- 
gear  y^  moves  the  crank-arm  y^  and  arms  y.,y^  into  the 
position  shown  in  Fig.  17,  thus  lowering  the  beam,  as 
shown,  to  the  floor  or  to  a  beam  truck  placed  to  receive  it. 


CALCULATIONS   AND    MANAGEMENT 
OF    WARPERS 


CAIiCUIiATIONS 

19.  The  calculattons  that  are  required  in  connection 
w^ith  warpers  relate  almost  entirely  to  speed  and,  conse- 
quently, will  not  require  any  detailed  description.  One 
illustration,  however,  will  be  given  as  an  aid  in  solving  any 
problems  that  may  be  met  with  in  connection  with  warpers. 

Example. — Find  the  greatest  speed  of  the  cylinder  of  the  warper 
illustrated  in  Figs.  14  and  15  if  the  tight  pulley  p  is  driven  200  revolu- 
tions per  minute. 

Note.— The  cones  are  4^  inches  in  diameter  at  their  small  ends  and  6}  inches  in 
diameter  at  their  larsre  ends. 

Solution.— 
200X48X6ix24X23X28X20       __  ,,  ^         •         a 

2QX4iX64x23X48X46        =  ^7.13  rev.  per  mm.    Ans. 


MANAGEMENT 

20.  The  Tnanagement  of  a  warping  equipment  requires 
careful  attention,  more  particularly  with  regard  to  obtaining 
hard  and  level  beams,  free  from  ridges  or  soft  sides  near  the 
beam  head.  The  existence  of  ridges  indicates  a  wrong 
division  of  the  ends  in  the  comb,  while  soft  sides  show  that 
the  comb  has  not  been  adjusted  to  suit  the  width  of  the 
beam.  All  knots  that  are  made  during  the  filling  of  a 
beam  should  be  made  as  small  as  possible  in  order  to  facili- 
tate the  weaving  process.  In  beam  warping,  it  is  customary 
to  run  the  ends  so  that  in  being  wound  on  the  beam  they 
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will  run  over  instead  of  under  the  beam,  it  being  claimed 
that  when  wound  in  this  manner  it  is  easier  to  find  and 
tie  any  broken  ends. 

Warpers  are  usually  tended  by  women,  who  can  gfive 
attention  to  from  two  to  eight  machines,  the  number  depend- 
ing on  the  class  of  yam  that  is  being  run,  and  the  amoimt 
of  assistance  that  is  rendered  them  in  refilling  the  creels  and 
other  work,  outside  of  that  of  actually  operating  the 
machines.       The  attendants  are  usually  paid  by  the  piece. 

21.  The  actual  production  of  warpers  should  be  estimated 
at  from  65  to  75  per  cent,  of  the  production  figured  on  the 
basis  that  the  machines  are  run  constantly,  as  warpers  are 
stopped  from  la  to  2  hours  for  creeling  after  each  set  of 
spools  has  been  nm  off.  The  production  is  usually  figured 
at  70  yards  per  minute  for  20s;  60  yards  per  minute  for  40s; 
50  yards  per  minute  for  60s;  45  yards  per  minute  for  80s;  and 
40  yards  per  minute  for  100s.  This  estimate  will  vary  in  dif- 
ferent mills,  according  to  the  speed  of  the  machines,  the 
quality  of  the  yam,  and  the  number  of  warpers  being  run  by 
each  tender. 

Table  I  gives  the  production  per  week  of  60  hours  for 
yarns  from  8s  to  50s,  the  number  of  ends  on  the  beam 
varying  from  260  to  440  and  the  speed  of  the  warper  being 
about  54  yards  per  minute.  The  production  with  other 
speeds  can  easily  be  figured  by  proportion.  This  table 
provides  for  an  allowance  of  SSh  per  cent,  lost  time  for 
stoppages. 

22.  As  a  number  of  the  section  beams  on  which  the  yarn 
is  wound  at  the  warper  are  later  wound  on  one  loom  beam, 
it  is  necessary  before  making  any  beams  on  the  warper  to 
first  find  how  many  should  be  made  and  just  how  many 
ends  there  should  be  on  each  beam.  For  example,  suppose 
that  it  is  desired  to  ultimately  place  1,790  ends  on  a  loom 
beam.  Before  the  section  beams  are  made  for  this  loom 
beam,  tlie  nmnber  of  ends  to  be  placed  on  each  section  beam 
must  \)c  ascertained.  Thus,  in  this  case  it  would  be  possible 
to  make  four  section  beams,  three  beams  containing  450  ends 
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each,  and  one  beam  containing  440  ends,  the  total  number  of 
ends  being  1,790,  which  is  the  number  desired  for  the  loom 
beam.  Any  other  division  could  be  made  so  long  as  the  num- 
ber of  ends  placed  on  any  one  section  beam  did  not  exceed 
the  number  of  spools  that  it  is  possible  to  run  in  the  creel 
of  the  warper. 

TABIiE  I 


Nnmber 
of  Ends 


260     300     320     340     360     380     410     440 


Number 
of  Yam 


Pounds  Warped  in  60  Hours 


8 
10 
12 
14 
16 
18 
20 

22 
24 
26 
28 
29 
30 
32 

34 
36 
38 
40 
44 
50 


5»oi5 

5,785 

6,171 

6,557 

6,943 

7,329 

7,907 

4,011 

4,629 

4,937 

5.246 

5.555 

5,863 

6.325 

3»343 

3,857 

4,181 

4,372 

4.629 

4,885 

5,271 

2,865 

3,305 

3.527 

3.747 

3,967 

4.188 

4,519 

2,507 

2,893 

3,085 

3.279 

3.471 

3,664 

3,953 

2,229 

2,571 

2,743 

2,915 

3.085 

3.257 

3,515 

2,005 

2.315 

2,468 

2,623 

2.777 

2,931 

3.163 

1,823 

2,104 

2,244 

2,385 

2.525 

2.665 

2,875 

1,671 

1,925 

2,057 

2,185 

2.315 

2.443 

2,636 

1,543 

1,780 

1,899 

2,017 

2,136 

2,255 

2.433 

1,433 

1,653 

1.763 

1.873 

1.983 

2.094 

2,259 

1,383 

1,596 

1,703 

1,809 

1,915 

2,021 

2,181 

1,337 

1.543 

1,645 

1.749 

1,851 

1.955 

2,109 

1,253 

1,447 

1,543 

1,639 

1.736 

1,832 

1.977 

1,180 

1,361 

1,452 

1,543 

1.633 

1,725 

1,861 

1,115 

1,285 

1,371 

1.457 

1.543 

1,629 

1.757 

1,056 

1,219 

1,299 

1,380 

1,461 

1.543 

1,665 

1,003 

1. 157 

1,235 

1,311 

1,389 

1,465 

1,581 

912 

1,052 

1,123 

1,192 

1,262 

1,332 

1.437 

806 

925 

987 

1,049 

I, III 

1,171 

1,265 

8,485 
6.789 

5-.657 
4,849 
4,243 
3,771 
3,395 
3,085 
2,829 
2,611 
2,425 
2,341 
2,263 
2,121 
1,997 
1,885 
1,787 
1,697 

1.543 

1.357 


23.  A  standard  warper  with  a  54-inch  cylinder  and  with  a 
creel  for  400  spools  occupies  over  all  a  space  of  about  17  feet 
by  7  feet  6  inches,  while  a  larger  warper  with  a  creel  for  450 
spools  occupies  a  space  of  18  feet  by  8  feet.  The  warper 
itself  without  the  creel  occupies  3  feet  6  inches  by  7  feet 
6  inches.  The  driving  pulleys  of  a  warper  are  usually 
10  inches  in  diameter  and  are  driven  by  a  2-inch  belt.  From 
1  to  i  horsepower  is  required  to  drive  one  warper. 
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In  equipping:  a  mill,  it  is  customary  to  estimate  on  about 
eighteen  beams  to  each  warper,  in  order  to  afford  a  sufficient 
supply  for  storing  yarn  and  making  up  the  assortments  for 
the  slasher;  these  beams  are  sometimes  called  section  beams, 
sometimes  slasher  beams. 

The  weight  of  the  warper  itself,  that  is  the  machine,  is 
about  1,000  pounds,  and  of  a  creel  for  450  ends  about  450 
pounds,  so  that  the  shipping  weight  of  a  warper  with  creel 
and  beams  is  from  2,500  to  3,000  pounds. 

A  warper  is  said  to  be  right-hand  if  the  driving  pulleys 
are  on  the  right-hand  side  when  the  observer  is  standing  in 
front  of  the  warper,  that  is,  facing  the  beam,  and  left-hand  if 
the  driving  pulleys  are  on  the  left  hand  when  the  observer 
is  in  the  same  position. 


SLASHERS 

GENERAL  CONSTRUCTION 


INTRODUCTION 

1.  The  warp  beams  as  they  come  from  the  warper,  in 
addition  to  not  being  the  correct  width  for  the  loom,  do  not 
contain  the  desired  number  of  ends  for  weaving,  since  they 
are  limited  in  this  respect  by  the  creel  capacity  of  the  warper. 
Consequently,  it  is  necessary  to  take  the  ends  from  a  number 
of  beams  made  at  the  warper  and  run  them  on  one  loom 
beam.  In  making  up  a  number  of  section  beams,  the  num- 
ber of  ends  that  the  warp  is  to  contain  is  always  considered, 
and  the  total  number  of  ends  on  the  section  beams  always 
equals  the  desired  number  of  ends  for  the  body  of  the  warp. 
When  the  selvage  ends  are  composed  of  single  yarn  and  of 
the  same  counts  as  the  warp  yam,  they  are  also  placed  on 
the  section  beams,  but  in  case  the  selvage  ends  are  composed 
of  ply  yam  they  are  usually  run  from  spools  placed  in  a 
special  creel  behind  the  slasher.  Again,  the  yam,  .when  on 
the  section  beam,  is  not  in  a  suitable  condition  to  withstand 
the  strain  placed  on  it  during  weaving.  Warp  yarn  when 
in  the  loom  is  drawn  through  harnesses  that  are  constantly 
moving  up  and  down  and  is  also  drawn  through  narrow  slits 
of  a  reed  that  is  constantly  moving  back  and  forth.  Both 
the  harnesses  and  reed  chafe  the  yam  to  such  an  extent  that 
single  cotton  yarn  cannot  stand  the  treatment  unless  it  is 
especially  prepared.  Consequently,  it  is  customary  in  the 
cotton  trade  to  apply  to  the  warp  threads  a  solution  known 
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as  size,  in  order  to  harden  the  outer  surface  of  the  yam  and 
strengthen  it  sufficiently  to  pass  through  the  operation  of 
weaving  without  breakage,  or  at  least  with  a  minimum  of. 
breakages.  Experiments  made  with  60s  yarn  show  an  addi- 
tion of  10  per  cent,  to  its  strength  after  sizing.  The  process 
of  sizing  to  some  extent  also  lays  the  fibers  along  the  sur- 
face of  the  warp  yam,  reducing  the  amount  of  fly  at  the  loom 
and  the  additional  friction  that  would  result  if  the  fibers  pro- 
jected from  the  surface  of  the  yam. 

The  foregoing  are  the  original  and  general  objects  of 
sizing  yarn,  but  in  a  few  mills^  in  America  and  a  large  num- 
ber of  mills  in  Europe  there  is  another  object  of  sizing; 
namely,  to  add  weight  to  the  warp  yams,  the  addition 
amounting  to  from  20  to  250  per  cent,  of  the  original 
weight  of  the  warp  yam,  which  is,  approximately,  from 
10  to  125  per  cent,  of  the  original  weight  of  the  combined 
warp  and  filling  yams.  This  is  done  in  those  mills  making 
fabrics  for  India,  China,  ^n(J  .other. m^rfe^ts  where  there  is 
a  demand  for  a  cheap  fabric  not  required  to  withstand  much 
wear  and  tear  or  frequent  washing  and  which  it  is  necessary 
to  supply  at  a  price  that  ^,Quiji*4Jot  .permit  the  use  of  pure 
cotton  yarns  having  the- bare  addition 'of  sufficient  size  to 
enable  the  warp  to  be  woven.  This  heavy  sizing  is  outside 
the  scope  of  this  Section,  which  will  deal  only  with  what  is 
known  as  pure  sizing;  namely,  just  sufficient  to  enable  the 
warps  to  weave  satisfactorily. 

2,  The  machine  adopted  to  treat  the  warp  yam  as  it 
comes  from  the  warper  is  know  as  the  slasher;  its  objects, 
briefly  stated,  are  as  follows:  (1)  To  coat  each  thread  of 
warp  yarn  evenly  with  size  in  such  a  manner  that  the  size 
will  partly  penetrate  and  adhere  to  the  thread  without  the 
threads  adhering  to  one  another;  (2)  to  dry  the  sheet  of 
warp  after  it  has  been  sized;  (3)  to  run  the  desired  number 
of  threads  on  a  loom  beam  in  an  even  sheet  and  in  such 
a  manner  that  the  sheet  will  unwind  at  the  loom  without 
obstruction  and  pass  throujjh  the  harnesses  and  reed  without 
unnecessary  breakage  and  with  the  least  trouble  to  the  weaver. 
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The  manner  in  which  the  slasher  accomplishes  these 
objects  is  to  pass  a  sheet  of  warp  from  a  number  of  sec- 
tion beams  through  a  box  containing  hot  size  and  allow  it  to 
absorb  size  in  excess  of  what  is  required,  the  excess  of  size 
being  pressed  out  by  presser  rolls;  the  moist  warp  is  then 
dried,  either  by  hot  cylinders  or  by  passing  it  through 
a  chamber  filled  with  hot  air,  and  later  cooled  by  means  of 
fans,  after  which  it  is  separated  into  individual  threads 
and  wound  on  the  loom  beam.  Slashers  are  of  various 
types  of  construction,  although  they  may  be  divided  into  two 
classes  according  to  the  method  by  which  the  warp  is  dried 
after  it  has  been  sized;  namely,  cylinder  slashers  and  hot-air 
slashers.  The  general  type  in  use,  both  in  America  and 
Europe,  is  the  cylinder  slasher,  usually  with  two  cylinders. 

3.  Passagre  of  tlie  Yarn. — Fig.  1  shows  a  view  of  a 
two-cylinder  slasher,  while  Fig.  2  shows  a  section  through 
the  same  machine.  Referring,  to  these  two  figures,  the 
passage  of  the  yarn  is  aS  follows:  The  required  number  of 
section  beams  «i,^„  a„  ai;*(Ki  a^  are  placed  in  the  creel  a 
and  the  ends  from  these  beams  passed  over  the  guide  rolls 
by  di.  The  yarn  then  passes  thtxDUgh  the  size  box  c,  which 
contains  the  sizef»,  being  gtiided*  unde'r  the  immersion  rollf., 
between  the  size  roll  d  and  squeeze  roll  e,  and  then  between 
the  size  roll  dx  and  squeeze  roll  ^,.  From  the  size  box 
it  passes  to  the  cylinders  h,j\  but  in  order  to  keep  it  under 
the  influence  of  these  drying  cylinders  as  long  as  possible  it 
is  carried  in  a  circuitous  path,  first  to  the  large  cylinder  h, 
and  then  to  the  small  cylinder  /,  passing  partly  around 
both.  In  this  manner  about  50  feet  of  warp  is  under  the 
influence  of  the  drying  arrangement  at  one  time.  From 
the  cylinder  j\  the  yarn  passes  under  the  cooling  fan  k  and 
partly  around  three  guide  rolls  ^„  ^„  d^. 

The  method  of  sizing  and  drying  the  warp  on  the  slasher 
has  a  tendency  to  cause  the  individual  threads  to  stick 
together;  consequently,  to  remedy  this,  split  rods,  also 
known  as  separating  bars,  m,  w,,  w,,  w,,  m^  are  introduced 
to   divide   the   warp   horizontally  into   as   many  sheets   as 
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there  are  section  beams  in  the  creel.  The  warp  next 
passes  through  the  expansion  comb  «,  over  and  under  ten- 
sion rods  ^.,  b,,  partly  around  the  measuring  roll  /,  partly 
around  the  drag  roll  r  and  guide  roll  r^,  and  then  to 
the  loom  beam  s^  on  which  it  is  wound  in  an  even  sheet. 
The  tension  rods  ^„  b,  aid  in  regulating  the  tension  of  the 
yarn  between  the  cylinders  and  the  drag  roll,  while  the  rod  b. 
serves  simply  as  a  rest  for  the  operator  in  placing  the  ends 
in  the  dents  of  the  expansion  comb  n, 

4.  Cylinder  slashers  may  be  divided  into  four  distinct 
sections  as  follows:  (a)  The  creel  in  the  rear  for  holding  the 
section  beams;  {b)  the  sizmj^  apparatus  for  sizing  the  warp, 
which  consists  of  the  size  box  and  its  various  appliances; 
{c)  the  drying  apparatus  for  drying  the  warp  after  it  is  sized, 
which  consists  of  the  cylinders  //,/,  Figs.  1  and  2,  and  their 
various  appliances;  {d)  the  headstock^  which  consists  virtually 
of  the  different  parts  situated  in  front  of  the  cylinders.  These 
parts  will  be  described  in  this  order. 


DETAILS  OF  CONSTRUCTION 


CREKI^ 

5.  A  slasher  creel  consists  principally  of  a  stand  a,  Figs.  1 
and  2,  carrying  the  uprights  a,  that  support  bearings  in  which 
the  shafts  of  the  section  beams  rest;  these  uprights,  of  which 
there  arc  usually  three,  support  the  beams  that  form  the 
upper  tier.  In  addition  to  the  bearings  for  the  beams  in  this 
upper  tier,  there  are  also  an  equal  number  of  bearings  to 
support  a  lower  tier  of  beams.  These  bearings  are  adjustable 
and  may  be  moved  out  or  in  to  suit  the  width  of  the  beams. 
It  should  be  understood  that  it  is  not  always  necessary  to 
have  the  number  of  section  beams  equal  to  the  capacity  of 
the  creel,  since  if  five,  or  even  four,  beams  can  be  made  to 
hold  the  required  number  of  ends  most  advantageously,  that 
number  should  be  used.  In  any  case,  however,  it  is  first 
necessary  to  determine  the  number  of  beams  to  be  used  and 
the  number  of  ends  on  each  beam,  so  that  the  total  number 
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of  ends  from  all  the  beams  will  exactly  equal  the  number  of 
ends  that  it  is  desired  to  have  on  the  loom  beam.  For 
example,  suppose  that  it  is  desired  to  place  2,438  ends  on  the 
loom  beam;  then  it  will  be  possible  to  have  three  section 
beams  each  containing  490  ends  and  two  section  beams  each 
containing  484  ends,  the  total  number  of  ends  being  2,438. 
These  five  beams  should  be  placed  in  the  creel  in  two  tiers, 
three  in  the  lower  tier  and  two  in  the  upper,  since  it  is  the 
custom  when  filling  the  creel  to  commence  at  the  end  nearer 
the  size  box.  If  there  is  no  difference  in  the  length  of  space 
between  the  heads  of  the  different  beams,  the  three  beams 
containing  the  larger  number  of  ends  should  be  placed  near- 
est the  size  box;  while  on  the  other  hand,  if  the  beams  vary  in 
regard  to  the  space  between  the  heads,  the  widest  should  be 
placed  nearest  the  size  box  and  the  others  arranged  accord- 
ingly, irrespective  of  the  number  of  ends  on  the  different 
beams.  This  arrangement  allows  the  sheet  of  warp  leaving  the 
rear  beam  to  come  between  the  heads  of  the  next  beam,  and  so 
on  up  to  the  beam  placed  next  to  the  size  box.  If  this  is  not 
done,  the  sheet  of  warp  from  a  wide  beam  will  rub  against, 
and  very  likely  run  over,  the  heads  of  a  narrower  section  beam. 
The  manner  in  which  the  yarn  is  gathered  from  the  section 
beams  is  as  follows,  referring  to  Fig.  2  and  considering  that 
there  are  six  beams  in  the  creel:  The  tender  first  takes  the 
yarn  from  the  beam  a^  and  passes  it  under  the  beam  a.,  thus 
causing  the  sheet  from  this  latter  beam  to  come  above  that 
from  the  beam  a^.  The  ends  from  the  two  rear  beams  are 
then  passed  over  the  beam  a„  when  the  ends  from  this  beam 
are  joined  with  those  from  the  beams  a,,flf„  the  ends  from 
the  beam  a„  however,  lying  under  those  from  the  two  other 
beams.  In  a  similar  manner  the  yarn  is  passed  under  the 
beam  a^,  over  the  beam  a.,  and  under  the  beam  ^„  the  yarn 
from  each  beam  being  combined  with  the  yarn  from  the  pre- 
ceding beams  as  the  sheet  of  warp  passes  that  beam.  Thus, 
if  we  should  consider  the  sheet  of  ends  from  each  beam  as 
solid  with  no  space  between  the  different  ends,  there  would 
be  six  distinct  layers  passing  over  the  roll  by  the  three  from 
the  lower  beams  being  above  the  three  from  the  upper  beams 
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and  the  whole  being  arranged  as  follows:  The  top  layer 
consists  of  ends  from  a,;  the  next  layer  consists  of  ends 
from  a^;  the  next  of  the  ends  from  «„  which  completes  the 
beams  in  the  lower  tier.  Then  come  the  ends  from  a^;  next, 
the  ends  from  «,;  and  then  the  ends  from  the  beam  a,.  Of 
course,  what  actually  takes  place  is  that  the  ends  from  all  the 
section  beams  spread  out  into  one  even  sheet,  which  is 
necessary  in  order  to  have  the  yarn  dry  satisfactorily  when 
passing  around  the  cylinders. 

6.  Ijeasing:  tlie  Warp. — At  the  commencement  of  a  set 
and  also  at  frequent  intervals  during  its  running,  lease  bands 
have  to  be  inserted  at  the  creel  between  the  sheets  of  yam 
at  each  point  where  the  sheet  from  one  beam  effects  a 
junction  with  the  sheet  from  another.  In  case  six  beams 
are  placed  in  the  creel,  five  bands  are  inserted,  three  of  them 
being  laid  across  the  warp  yarn  from  above  and  two  from 
beneath.  These  bands  consist  of  pieces  of  double  cord  or, 
preferably,  several  ends  of  warp  yarn.  In  order  to  have  the 
bands  in  position  for  insertion  between  the  sheets  of  warp 
from  beneath,  the  two  that  are  to  be  raised  from  below  the 
warp  yam  are  placed  on  the  floor  crosswise  of  the  creel  and 
directly  under  the  points  where  they  are  to  be  inserted.  In 
placing  the  bands  in  position,  the  slasher  tender  employs  a 
rod  equal  in  length  to  the  width  of  the  creel.  By  passing 
one  end  of  the  band  around  the  rod  the  band  may  be  laid  in 
any  desired  position  and  the  rod  removed.  While  the 
machine  is  running  slowly,  the  first  band  is  inserted; 
namely,  the  one  that  is  laid  above  the  warp  between  the 
beams  «,  and  fl„  Fig.  2.  After  this  band  has  gone  forwards, 
a  band  is  raised  from  beneath  the  warp  between  a,  and  a, 
and  allowed  to  go  forwards;  then  one  is  placed  above  the 
warp  between  ^,  and  a^;  then  one  under  the  warp  between  a^ 
and  ^»;  and,  finally,  one  above  the  warp  between  «.  and  a,. 

Great  care  should  be  taken  to  keep  the  ends  of  the  lease 
bands  overhanging  the  beam  flanges,  but  just  before  the 
warp  enters  the  size  box  they  should  be  folded  over  the 
edges    of   the   warp,  to  prevent   their  being  drawn  out  or 
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Sretting  entangfled  in  going  through  the  machine.  As  the 
bands  reach  the  front  of  the  machine  the  split  rods  are 
inserted  in  their  place,  as  will  be  explained. 


Pio.8 


Breakages  of  ends  and  other  accidents  during  the  oper- 
ation of  the  machine  sometimes  disarrange  the  position  of 
the  threads,  and  it  is  therefore  advisable  once  or  twice  during 
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the  running  of  a  set  to  repeat  this  operation  of  inserting 
lease  bands.  Some  mills  where  very  particular  work  is  done 
require  a  lease  to  be  taken  as  each  loom  beam  is  filled. 
Where  tender  yarn  is  used  it  is  advisable  to  do  so  for 
every  beam. 

The  method  of  inserting  lease  bands  just  described  is  not 
the  only  method.  Some  slasher  tenders  use  it  only  when 
taking  a  lease  during  the  running  of  one  set,  and  when  start- 
ing a  new  set  reverse  the  order  of  inserting  the  bands.  The 
word  set,  as  used  in  connection  with  the  slasher,  means  a  set 
of  section  beams;  thus,  for  instance,  six  section  beams  in  the 
creel  of  a  slasher  would  be  considered  a  set.  Rimfiing  a  set 
means  slashing  all  the  yarn  contained  on  this  set  of  beams. 

7,  Overhead  Track.  —  It  is  advisable,  and  in  well- 
equipped  slasher  rooms  is  customary,  to  provide  facilities 
for  raising  the  section  beams  and  inserting  them  in  the  creel 
at  the  back  of  the  slasher.  These  arrangements  usually  con- 
sist of  a  hoist  ^.,  Fig.  3,  running  on  a  track  «,.  One  of  these 
tracks  is  situated  over  each  creel  and  it  becomes  an  easy 
matter  to  carry  the  section  beams  to  their  places  along  the 
track  and  lower  them  into  position.  In  mills  using  extremely 
large  loom  beams,  it  is  also  of  advantage  to  provide  a  track 
and  hoist  at  the  front  of  the  machine  by  which  the  loom 
beams  can  be  removed  from  the  slasher. 


SIZE    BOX 

8.  The  size  box  consists  primarily  of  a  wooden  box 
about  3  feet  wide  and  equal  in  length  to  the  width  of  the 
slasher.  This  box  is  shown  at  r,  Fig.  2,  but  a  more  detailed 
view  is  given  in  Fig.  4,  which  shows  the  various  parts  as 
looked  at  from  the  opposite  side  to  that  shown  in  Fig.  1. 
When  the  slasher  is  in  operation,  the  size  box  is  partly 
filled  with  size  r,  and  the  immersion  roll  c^  placed  in  such  a 
I)()sition  that  the  yarn  in  passing  partly  around  it  passes 
throuj^h  the  size,  becomes  coated  with  it,  and  to  a  certain 
extent  absorbs  the  mixture  in  excess  of  the  requirements. 
The    excess    of    size    is    pressed    out    as    the    yarn   passes 
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between  the  two  sets  of  rolls  d,e  and  ^»,^,  and  flows  back 
into  the  box. 

9.  Steaiu  Connections. — As  the  size  should  be  in  a  boil- 
ing state  when  applied  to  the  yarn,  steam  is  usually  injected 
into  the  size  box.  The  main  line  of  pipe  for  conveying  the 
steam  to  the  slasher  is  shown  at  /,  from  which  a  branch 
pipe  /»  runs  to  the  size  box  and  enters  it  near  the  bottom 
and  at  the  center,  as  shown  at  /,.  This  pipe  extends  across 
the  size  box,  while  at  each  end  two  branch  pipes,  one  run- 
ning to  the  right  and  the  other  to  the  left,  extend  to  the  two 


Fig.  4 

sides  of  the  box,  where  they  are  connected  to  another  pipe 
running  lengthwise  of  the  box;  thus,  there  is  one  pipe  run- 
ning lengthwise  of  the  box  near  its  center,  while  other  pipes 
extend  around  the  inside  of  the  box  near  its  four  sides. 
One  of  the  pipes  that  branches  from  the  central  one  is 
shown  at  /„  Fig.  4.  The  pipes  that  are  contained  in  the 
size  box  are  perforated  with  small  holes,  through  which 
steam  is  blown  into  the  size,  which  is  thus  kept  in  a  boiling 
state.  The  valve  /«  provides  a  ready  means  for  shutting 
off  the  steam  from  the  size  box  when  it  is  desired  to  do  so, 
while  on  the  other  side  of  the  box,  as  shown  at  /.,  Fig.  1, 
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is  provided  a  faucet  for  drawing  off  the  size  when  it  is 
desired  to  empty  the  box. 

In  some  machines,  the  size  box  has  a  steam  jacket  at  the 
bottom  of  the  box,  no  steam  being  admitted  to  the  size. 
With  this  method  the  size  is  boiled  without  allowing  the 
steam  to  condense  in  it.  It  is  claimed  that  this  method 
keeps  the  size  in  the  box  of  a  more  uniform  consistency, 
since  the  injection  of  steam  tends  to  thin  the  size,  owing  to 
the  fact  that  the  steam  condenses  and  forms  water. 

10.  The  size  rolls  d,  d^  are  positively  driven  by  means 
of  bevel  gears  situated  on  the  side  of  the  slasher,  shown  in 
Fig.  1,  while  the  squeeze  rolls  e,  ^,,  Fig.  4,  are  driven  by 
frictional  contact  with  the  lower  rolls.  As  the  squeeze  rolls 
are  especially  heavy  and  covered  with  cloth,  these  two  sets 
of  rolls  grip  the  sheet  of  yarn  sufficiently  to  pull  it  from  the 
section  beams  and  through  the  size  box.  The  rolls  d^d^ 
revolve  in  fixed  bearings,  but  the  bearings  of  the  rolls  e^  e^  are 
carried  in  vertical  slots,  which  allows  them  to  be  raised  if 
necessary  and  placed  on  stands  ^„^„  thus  bringing  them 
out  of  contact  with  the  size  rolls. 

The  ends  of  the  immersion  roll  r,  rest  on  a  rack  f„  the  teeth 
of  which  engage  with  a  gear  r*  on  a  short  shaft  f,  that  carries  at 
its  other  end  a  gear  r..  A  worm  c,  that  engages  with  the  gear  r, 
is  on  a  stud  with  a  handle  Cn,  by  turning  which  the  immersion 
roll  may  be  readily  raised  or  lowered  as  desired.  It  is  fre- 
quently necessary  to  change  the  position  of  this  immersion 
roll,  since  the  size  is  not  always  the  same  depth  in  the  size  box 
and  yet  the  size  should  continually  cover  the  same  amount  of 
surface  of  the  immersion  roll,  at  least  while  sizing  the  same  set 
of  beams,  in  order  to  insure  the  yarn  being  uniformly  sized. 

As  the  hot  steam  that  rises  from  the  boiling  size  would 
tend  to  rust  any  ordinary  rolls  with  which  it  should  come  in 
contact  and  thus  damage  the  yarn  passing  over  these  rolls, 
the  rolls  by,  r„  d,  d^  are  made  of  copper,  while  the  rolls  e,fx 
are  covered  with  cloth. 

11.  Covering  Squeeze  Rolls. — The  squeeze  rolls  ^,  ^„ 
Fig.  4,  are  common  iron  rolls  about  6  inches  in  diameter; 
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they  are  first  covered  with  three  or  four  layers  of  ordinary 
cotton  sheeting,  which  is  either  glued  on  or  thickly  coated 
with  white  paint,  the  paint  preventing  the  size  from  striking 
through  and  reaching  the  roll.  One  of  the  chief  objects  of 
the  squeeze  rolls  is  to  cause  the  size  to  penetrate  the  yarn, 
and  in  order  to  accomplish  this  there  is  placed  outside  of 
the  cotton  cloth  covering  a  woolen  blanket  especially  made 
for  this  purpose  and  technically  known  as  slasher  cloth. 
For  the  rear  roll  from  3i  to  4  yards  of  16-ounce  cloth  and 
for  the  front  roll  from  4  to  5  yards  of  12-ounce  cloth  will 
be  found  to  give  good  satisfaction.  In  placing  the  cloth  on 
the  rolls,  care  should  be  taken  to  have  the  laps  follow  on 
the  outside,  so  that  they  will  not  be  roughed  up.  It  is 
hardly  necessary  to  fasten  the  cloth  in  any  manner,  as  the 
size  will  soon  stick  the  laps  together,  but  should  any  part  of 
the  outer  edge  of  the  cloth  become  folded,  thus  causing  a 
bunch  on  the  roll,  it  may  be  laid  smooth  by  passing  the  end 
from  a  bobbin  of  yam  around  the  roll  a  number  of  timcH. 
Slasher  cloth,  through  being  in  constant  contact  with  the 
size,  soon  becomes  stiff  and  unpliable;  to  remedy  thiH  it 
should  frequently  be  taken  off  and  soaked  in  water.  After 
the  cloth  has  become  so  worn  as  to  be  unserviceable,  it 
should  be  replaced  by  a  new  one. 

12.  Size  Kettle. — The  size  is  usually  supplied  to  the 
size  box  by  a  pipe  r„  Fig.  4,  that  runs  from  a  Hlz<t  kc^tthf, 
which  contains  a  large  quantity.  It  is  usual  to  erect  thc»c 
kettles  on  a  platform  at  a  higher  level  than  the  size  Ixix  of 
the  slasher,  so  that  the  liquid  will  fall  by  gravity  in  the 
size  box,  thus  enabling  the  tender  to  olHain  a  nupply  when 
required.  In  other  cases,  where  the  *i'\t^  kettlen  are  at  the 
same  level  or  at  a  lower  level  than  the  slasher,  ionut  iniui\>% 
have  to  be  provided  for  supplying  »ize  to  the  nwAz  Ix/x, 
Fig.  5  shows  the  customary  style  of  size  kettle.  It  conniiitH 
of  a  cast-iron  body,  to  which  is  bolted  a  cover  carrying  a  Jid 
that  can  be  raised  by  a  handle  in  order  t/>  inwrrt  th^  nr^t^.nalh. 
At  the  foot  of  the  kettle  !•►  inserted  the  piiMt  <*  '.arryiuz  a 
valve  Cm0  through  which  the  hizA:  <:siu  l>e  ^rav/n,     'Hi^  pa/JdIe, 
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or  stirrer,  in  the  usual  construction,  consists  of  a  shaft  /  on 
which  are  mounted  arms,  or  bladels,  /,.  The  stirrer  is  rotated 
by  power,  which  is  transmitted  through  a  short,  horizontal 
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shaft  /,  and  bevel  gears  /*,  /^  to  the  vertical  shaft  L  In  the 
bottom  of  the  kettle  is  a  coil  of  perforated  copper  pipe* 
through  which  steam  can  be  blown 
into  the  size  from  the  steam  pipe  /„ 
These  coils,  as  well  as  those  of  the 
size  box  of  the  slasher,  should  be 
so  constructed  that  the  steam  after 
passing  through  the  valve  is  admitted 
to  the  coil  at  opposite  points,  thus 
preventingt  size  percolating  into  the 
coils  and  partly  blocking  the  aper- 
tures. In  some  cases,  coils  are 
omit  ted  from  the  bottom  of  the  kettle 
and  the  pipe  L  opens  directly  into  the  kettle.  It  Is  clai 
for  this  method  that  the  steam,  being  blown  into  the  stse^j 
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this  manner,  stirs  up  the  size  and  prevents  its  collecting 
on  the  bottom  of  the  kettle  as  it  sometimes  does  when  coils 
are  used.  The  driving  pulleys  /„  /,  are  usually  9  inches  in 
diameter  and  are  driven  by  a  2-inch  belt.  The  shaft  of  the 
stirrer  revolves  about  100  revolutions  per  minute.  These 
kettles  are  usually  made  in  four  sizes,  in  cast  iron,  as  shown 
in  Table  I.  

CYLINDERS 

13.  The  cylinders  A,/,  Figs.  1  and  2,  are  made  of  rolled 
copper  except  the  heads,  which  are  of  steel  plate.  These 
heads  should  be  well  stayed  with  iron  rods,  while  the  con- 
nection of  the  copper  surface  to  the  head  should  be  well  made; 
this  is  usually  accomplished  by  shrinking  an  outer  ring  over 
the  head.  The  smaller  cylinder  y  is  usually  either  4  or  5  feet 
and  the  larger  cylinder  h  either  6  or  7  feet  in  diameter.  Each 
is  provided  with  a  manhole,  //i,/,.  Fig.  1,  through  which 
access  to  the  interior  can  be  obtained  by  removing  the  cover, 
while  valves,  known  as  atmospheric^  or  back-pressure,  valves ^ 
are  provided  at  A„  y„  by  which  a  collapse  of  the  cylinder  is 
prevented  when  the  steam  condenses  and  a.  partial  vacuum  is 
produced,  as  is  the  case  whenever  the  steam  is  shut  off. 
Each  cylinder  is  carried  on  roller  bearings  in  order  to  reduce 
the  amount  of  friction  as  much  as  possible.  The  bearings 
for  the  cylinder  h  are  shown  at  A,,  h^,  and  ^„  Fig.  2,  while 
those  for  the  cylinder  y  are  shown  at  j\fj\,j\.  Cylinders  are 
not  usually  driven  positively  but  are  rotated  by  the  pull  of 
the  yarn  as  it  is  drawn  through  the  machine;  arrangements, 
however,  can  be,  and  usually  are,  adopted  in  case  of  using 
fine  yams  or  a  small  number  of  ends,  by  which  the  cylinders 
are  positively  driven. 

14.  Steam  Connections. — The  steam  connections  for 
the  cylinders  are  shown  in  Fig.  6.  The  pipe  /,  in  addition 
to  the  branch  pipe  /,  for  the  size  box,  also  has  connected  to 
it  a  branch  pipe  /,  that  conveys  the  steam  to  the  two  cylinders. 
By  means  of  the  valve  A,  the  steam  may  be  shut  off  from 
the  cylinders  independently  of  the  size  box,  while  the  valve  /, 
checks  the  flow  of  steam  to  both  the  cylinders  and  size  box. 
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Another  valve  /,  controls  the  steam  for  the  smaller  cylinder/, 
while  the  safety  valve  Ao  may  be  regulated  to  blow  off  at  any 
desired  pressure.  Arrangements  on  the  slasher  automat- 
ically shut  off  the  steam  from  both  cylinders  when  the 
slasher  is  stopped.  Referring  to  Fig.  6,  the  valve  y.  has 
connected  to  it  a  lever  /,  that  carries  a  weight  /,.  Connected 
to  the  lever  y,  is  a  rod  /,  that  is  connected  to  a  lever  y„ 
operated  by  the  starting  rod  /»,.  When  the  driving  belt  of 
the  slasher  is  shipped  to  the  tight  pulley,  the  starting  rod  y„ 
is  moved  to  the  left,  which,  acting  through  the  lever /lo,  raises 
the  rod  y,  and  lifts  the  lever  /„  thus  admitting  steam  to  the 
cylinders.  When  the  machine  is  stopped,  by  the  driving 
belt  being  moved  to  the  loose  pulley,  the  starting  rod  y„ 
moves  to  the  right,  allowing  the  weight  /«  to  force  down  the 
lever  y,  and  close  the  valve  y,. 

It  is  not  advisable  to  admit  steam  at  too  high  pressure  to 
the  cylinders,  owing  to  their  immense  surface  and  light 
construction,  and  also  on  account  of  the  fact  that  a  high 
pressure  of  steam  means  a  high  temperature,  which*  would 
tend  to  burn  the  yarn  on  the  surface  of  the  cylinders. 
Reducing  valves  are  therefore  provided  in  cases  where  live 
steam  is  used,  so  that  the  pressure  of  the  steam  will  be 
reduced  to  less  than  15  pounds.  The  pressure  used  depends 
on  the  work  being  slashed.  In  some  machines,  exhaust 
steam  is  used,  which  is  of  course  at  a  low  pressure  and  does 
not  require  the  use  of  a  reducing  valve. 

The  steam  that  rises  from  the  boiling  size  in  the  size  box 
and  also  the  moist  air  produced  by  the  drying  of  the  yarn  on 
the  cylinders  is  quite  appreciable  in  quantity,  and  if  some 
arrangement  were  not  provided  to  carry  this  from  the  slasher 
room,  the  atmosphere  would  become  detrimental  to  satis- 
factory work.  To  provide  for  this,  the  steam  is  taken  away 
either  by  natural  or  mechanical  draft.  In  the  former  case, 
the  slasher  is  usually  covered  with  a  wooden  or  metal  hood, 
and  a  flue  connected  to  the  upper  part  of  this  hood  and 
carried  out  of  the  mill.  In  case  mechanical  draft  is  used, 
hoods  are  generally  placed  over  the  large  cylinder  and  over 
the  size  box,  and  fans  driven  by  power  used  to  carry  off  the 


16 


SLASHERS 


§48 


moist  air.  The  hoods  used  in  such  cases  are  shown  in 
position  over  the  large  cylinder  and  the  size  box  in  Fig.  2. 

15,     Method  of  Koiiiovin^  CoiidvuMatl'oii  Water. — If 

the  cylinders  are  allowed  to  stand  for  some  time  without 
having  any  steam  conducted  to  them,  the  steam  that  has 
previously  been  introduced  will  condense,  forming  water. 
This  water  if  allowed  to  accumulate  would  be  detrimental  to 
the  good  work  of  the  cylinders;  consequently,  all  slashers 
have  arrangements  attached  to  the  cylinders  by  which  the 


condensation  water  may  be  removed.  The  method  adopted 
on  the  slasher  under  description  is  shown  in  Fig.  7.  On  the 
opposite  side  of  the  cylinder  to  that  on  which  the  steam  is 
injected  are  placed  pipes  //c,  Fig.  7,  that  run  from  buckets  //, 
to  the  cylinder  shaft  //.,  which  at  this  end  is  enlarged  and 
hollowed  out.  As  the  water  forms  in  the  cylinder,  it 
collects  near  the  bottom  and  is  scooped  up  by  the  buckets  h, 
revolving  with  the  cylinder;  these  carry  it  around  until  the 
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pipe  that  is  attached  to  each  bucket  assumes  a  nearly  vertical 
position,  when  the  water  will  run  down  the  pipe  and  be 
deposited  in  the  hollow  shaft  //.,  from  which  it  flows  to  a  steam 
trap.  This  method  of  removing  the  water  of  condensation  is 
employed  in  both  the  large  cylinder  //  and  the  small  cylinder  y. 
One  point  that  should  be  noted  here  is  that  on  both  sides 
of  the  cylinders  perfectly  air-tight  connections  must  be  made 
to  the  revolving  cylinders,  and  yet  these  connections  must  be 
so  made  that  steam  can  be  admitted  on  one  side  and  conden- 
sation water  flow  out  on  the  other.     This  is  accomplished  as 


Fig.  8 

follows:  The  shafts  that  support  the  cylinders  are  enlarged 
and  hollowed  out  at  each  end;  the  exhaust  pipes  at  one  end 
and  the  steam  pipes  at  the  other  fit  into  these  hollow  por- 
tions, while  packing  is  introduced  to  make  the  connections 
perfectly  tight.  This  packing  that  is  placed  between  the 
shaft  and  the  pipes  will,  of  course,  cause  a  slight  friction, 
but  it  is  not  sufficient  to  produce  any  unsatisfactory  results. 
A  view  of  the  steam  traps  to  which  the  condensation  water 
is  conveyed  from  the  cylinders  is  shown  in  Fig.  8;  they  are 
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also  shown  at  /,  /i,  Fig.  1.  The  pipe  A„  Fig.  8,  is  connected 
at  one  end  to  the  cylinder  shaft  and  serves  to  conduct  the 
water  to  the  chamber  /,  of  the  steam  trap.  The  valve  /,  is 
automatically  opened  and  closed  by  means  of  the  water 
raising  or  lowering  the  float  /«,  respectively.  For  example, 
when  sufficient  water  has  collected  in  the  trap  to  raise  the 
float,  the  valve  /,  is  lifted  from  its  seat,  allowing  the  water 
to  flow  out  through  the  pipe  /,;  then  as  the  water  falls  in  the 
chamber  /,  the  float  drops  and  forces  the  valve  firmly  on  its 
seat.  The  float  is  so  regulated  that  at  no  time  can  the  valve 
be  open  when  the  surface  of  the  water  is  below  the  opening 
of  the  pipe  /.,  since  in  this  case  the  steam  would  be  ejected. 
The  water  is  drained  off  by  the  pipe  /.  to  any  suitable  place. 
An  atmospheric  valve  /,  is  also  provided  on  the  trap  in  order 
to  reduce  the  difference  in  pressure  between  the  air  pressure 
on  the  outside  and  the  vacuum  that  is  formed  when  the 
steam  in  the  trap  condenses,  while  a  blow-off  cock  /,  is  intro- 
duced that  may  be  opened  when  the  steam  is  first  admitted 
to  the  cylinder,  thus  allowing  the  air  in  the  chamber  /,  to 
escape  as  the  steam  enters. 

It  should  be  understood  that  different  makers  of  slashers 
adopt  different  systems  of  construction  for  the  various  parts, 
and  thus  it  will  be  found  that  all  slashers  do  not  have  the 
method  of  removing  the  condensation  water  from  the  cylin- 
ders here  described;  yet  the  principle  of  each  is  the  same, 
and  if  the  construction  of  one  is  understood  there  should  be 
no  difficulty  in  tracing  the  workings  of  another. 


HEADSTOCK 

16.  Si)lit  Rods. — The  lieadstock  of  a  slasher  com- 
prises practically  all  the  parts  situated  in  front  of  the  cylin- 
ders. The  first  parts  that  call  for  a  description  are  the  split 
rods  ;;/, ;;/»,  ;;/a,  W3,  w*,  Fig.  2,  that  are  inserted  in  place  of 
the  lease  bands.  The  band  that  first  appears  at  the  front 
of  the  machine  is,  of  course,  the  one  inserted  in  the  creel 
between  the  beams  ar  and  a,;  the  rod  m  is  inserted  in  its 
place,  and  thus  in  this  instance  divides  the  warp  into  two 
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equal  sheets,  all  the  yam  from  the  bottom  beams  being  above 
the  rod,  while  all  the  yarn  from  the  top  beams  comes  below 
the  rod.  When  the  second  band  appears,  the  rod  nix  is 
inserted  in  its  place,  and  the  band  removed;  this  rod  divides 
the  ends  of  the  beam  a^  from  the  ends  of  the  beams  a,,  «.. 
As  the  third  band  appears  the  rod  m^  is  inserted,  which 
will  divide  the  ends  of  the  beam  a,  from  the  ends  of  the 
beams  a^,  a..  The  rod  w,  is  inserted  in  the  place  of  the 
fourth  band  and  divides  the  ends  of  the  beam  a,  from  the  ends 
of  the  beam  «„  while  the  rod  m^  is  inserted  in  place  of  the 
fifth  band  and  divides  the  ends  of  the  beam  a*  from  the  ends 
of  the  beam  «,.  In  this  manner  the  warp  is  divided  into 
sheets  that  are  arranged  in  the  same  order  as  that  stated  in 
describing  the  manner  of  gathering  the  yarn  from  the  sec- 
tion beams,  the  sheets  from  the  three  top  beams  being 
beneath  the  sheets  from  the  three  bottom  beams. 

17.  Expansion  Comb  and  Dra^  Roll. — From  the  split 
rods,  the  yarn  passes  to  the  expansion  comb  w.  Fig.  2, 
which  divides  it  into  from  300  to  500  groups  of  ends,  prefer- 
ably with  tne  group  in  each  dent  containing  only  one  end 
from  each  section  beam,  and  never  more  than  two  from 
each  beam.  In  this  manner  the  sheet  of  warp  is  effectually 
separated  into  its  original  condition  of  individual  threads. 
Another  object  of  the  expansion  comb  is  to  guide  the  yam 
on  to  the  loom  beam  in  such  a  manner  that  the  outside  ends 
will  just  lie  within  the  beam  heads  and  not  be  crowded,  which 
would  cause  a  hard  ridge  at  both  ends  and  be  detrimental  to 
good  weaving.  It  is  necessary,  therefore,  to  regulate  the 
expansion  comb  each  time  that  a  loom  beam  with  a  different 
space  between  heads  is  run  on  the  slasher. 

The  expansion  comb  used  on  the  slasher  is  similar  in  con- 
struction to  the  expansipn  comb  found  on  the  warper  and 
needs  no  detailed  description.  .  There  is  no  standard  number 
of  dents  per  inch  for  these  combs,  the  range  being  from 
7  to  11,  according  to  the  counts  of  yarn  intended  to  be  run 
and  whether  the  slasher  is  intended  for  a  small  or  large 
number  of  ends. 

8^—21 
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The  clra^  roll  r  serves  to  pull  the  yam  forwards  from  the 
size  rolls.  This  roll  has  two  or  three  layers  of  cotton  cloth 
wrapped  around  it,  in  order  to  assist  it  in  stripping  the  yarn 
and  also  to  prevent  the  yam  being  cut  by  the  measuring  roll  p 
and  the  guide  roll  f\  coming  in  contact  with  the  drag  roll. 

18.  Friction  Drive  for  Lioom  Beam. — The  size  and 
squeeze  rolls  in  the  size  box  revolve  at  a  constant  speed  and 
consequently  pull  forwards  the  same  number  of  yards  during 
each  minute.  The  drag  roll  is  geared  to  take  up  just  the 
amount  delivered  by  the  size  rolls.  The  number  of  revolu- 
tions of  the  loom  beam  in  a  given  period  must  constantly 
decrease,  owing  to  its  diameter  being  increased  by  the  yarn 
wound  on  it.  The  .yarn  must  be  wound  on  the  beam  at  a 
constant  speed  to  correspond  to  the  rate  at  which  it  is 
delivered  by  the  drag  roll.  In  order  to  meet  this  require- 
ment, the  beam  instead  of  being  driven  positively  is  driv^en 
by  friction  so  arranged  that  as  the  pull  exerted  on  the  yam 
by  the  loom  beam  tends  to  increase  as  the  beam  increases  in 
diameter,  the  friction  drive  will  yield  and  allow  sufficient 
slippage  to  prevent  the  loom  beam  being  driven  any  faster 
than  is  necessary  to  take  up  the  length  of  yarn  delivered  by 
the  drag  roll. 

A  view  of  the  system  adopted  on  the  slasher  under  descrip- 
tion is  shown  in  Fig.  9.  The  loom  beam  s  consists  of  the 
usual  barrel,  carrying  a  head  5,  at  each  end  and  having 
arbors  similar  to  s^.  One  arbor  of  the  beam  is  inserted  in  a 
hole  in  the  adjustable  shaft  .v,,  while  the  arbor  on  the  other 
end  of  the  beam  is  inserted  in  a  hole  in  another  adjustable 
shaft  carried  at  that  side  of  the  slasher.  Setscrewed  to  the 
arbor  s^  is  an  arm  s,  that  is  in  contact  with  a  stud  5.  carried 
by  a  plate  .?«  fastened  to  the  shaft  53.  Thus,  if  the  shaft  5, 
revolves  it  will  act  through  the  plate  5.,  stud  5.,  and  arm  s^ 
and  turn  the  beam  s.  The  collar  s^  limits  the  motion  of  the 
shaft  5,  to  the  left,  while  any  motion  to  the  right  is  prevented 
by  the  arbor  s^  projecting  to  the  end  of  the  hole. in  s^. 

The  manner  in  which  the  shaft  5,  receives  its  motion  is  as 
follows:     A  gear  /  that  is  positively  driven  revolves  loosely 
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on  cast-iron  sleeves  /,,  which  are  mounted  on  the  shaft  5, 
in  such  a  manner  that  they  must  revolve  with  it,  although 
they  can  be  moved  longitudinally  on  the  shaft.  Bolted 
to  the  sleeves  /»  are  thin  steel  disks  /„  both  faces  of 
which  are  covered  with  heavy  flannel  /,.     Revolving  loosely 


Fig.  9 

on  the  shaft  s»  and  outside  of  both  the  sleeves  /»  are  plates  /« 
on  which  are  cast  lugs  /,  that  fit  into  the  plates  /.,  which 
are  a  part  of  the  gear  /;  consequently,  the  gear  /  together 
with  the  plates  /*,  /•  are  positively  driven,  but  since  these 
parts  are  loose  on  the  shaft  5,,  no  motion  will  be  given 


22  SLASHERS  §48 

to  the  loom  beam  unless  some  connection  is  made  between 
the  plates  and  the  friction  surface  caused  by  the  flannel 
fastened  to  the  steel  disks  /,.  Working  loosely  on  the 
shaft  s»  is  a  collar  A  that  is  in  contact  with  the  lever  /„ 
which  is  acted  on  by  the  lever  /,  carrying  the  adjustable 
weight  /i«.  The  slots  in  the  plates  /,  into  which  lugs  /, 
on  the  outside  plates  /«  fit  are  made  sufficiently  deep  to 
allow  the  plates  /*  to  be  forced  against  the  friction  flannel; 
consequently,  if  the  weight  /xo  acts  through  the  levers  /„  /„ 
and  collar  /,  to  force  the  outside  plate  /*,  with  which  the  col- 
lar comes  in  contact,  against  the  friction  surface,  it  will  tend 
to  move  the  gear  /,  together  with  the  left-hand  sleeve, 
toward  the  right,  bringing  four  frictional  surfaces  to  bear  on 
the  steel  disks  /,.  This  action  will  cause  the  sleeves  /»  to 
revolve,  being  driven  by  the  plates  /*,  /•  through  frictional 
contact  with  the  flannel  fastened  to  the  steel  disk  /,.  As 
the  sleeves  A  are  fastened  to  the  shaft  5„  this  will  cause  the 
beam  to  revolve.  It  should  be  understood  that  during  the 
winding  of  the  beam  the  speed  of  the  shaft  s»  is  never  equal 
to  that  of  the  gear  /,  since  the  beam  only  revolves  at  a  suffi- 
cient speed  to  take  up  the  yarn,  and  any  additional  speed  that 
the  gear  /  may  have  is  lost  between  the  friction  surfaces. 

When  starting  a  beam,  the  weight  /lo  is  adjusted  to  give 
the  correct  tension  on  the  yarn,  but  during  the  filling  of  the 
beam  it  may  be  found  necessary  to  make  additional  adjust- 
ments of  this  weight  in  order  to  meet  the  requirements.  It 
will  be  noticed  that  the  weight  is  made  double,  there  being 
an  addition  /^  to  the  principal  circular  weight  /,o.  In  case 
that  it  is  desired  to  make  very  slight  adjustment,  this  weight 
may  be  thrown  from  one  side  to  the  other  as  required;  if  it 
is  desired  to  remove  the  friction  entirely,  the  lever  /,  may  be 
thrown  up  and  made  to  assume  the  position  shown  by  the 
dotted  lines  in  Fig.  9. 

On  some  slashers  the  friction  drive  consists  only  of  two 
frictional  surfaces,  instead  of  four  as  shown  in  Fig.  9,  while 
the  tension  is  regulated  by  means  of  a  hand  wheel  instead  of 
levers  and  weights.  The  principle  involved,  however,  is  the 
same  as  that  described  in  connection  with  Fig.  9. 
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19.     Beam  Pressors. — Although  the  friction  arrange- 
ment  for  driving  the  loom  beam  tends  to  lay  the  yam  on  the 


beam  in  a  compact  form,  yet  in  order  to  further  insure  a 
firm,  hard  beam  being  made,  it  is  the  custom  to  apply  to 
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slashers  an  arrangement  known  as  a  beam  presser,  which 
serves  to  press  each  layer  close  to  the  preceding  one.  There 
are  various  forms  of  these  pressers  applied  to  the  slasher, 
the  simplest  one  consisting  only  of  a  lever  acting  on  a  roll  in 
such  a  manner  as  to  keep  the  roll  constantly  pressed  against 
the  yarn  on  the  beam.  Such  an  arrangement  is  shown  in 
Fig.  10.  A  shaft  u  that  extends  from  one  side  of  the  slasher 
to  the  other  and  is  situated  beneath  the  loom  beam  carries 
two  arms  7^x,  each  of  which  supports  two  bowls  w„  w., 
on  which  rests  a  roll  «*  that  is  in  contact  with  the  yam  on 
the  loom  beam  s.  In  order  to  insure  the  best  results,  the 
length  of  this  roll  w*  should  be  exactly  the  same  as  the  dis- 
tance between  the  flanges  of  the  loom  beam.  To  one  end  of 
the  shaft  u  is  attached  a  lever  7/,  that  carries  an  adjustable 
weight  //,.  By  moving  this  weight  out  or  in  on  the  lever  w. 
any  desired  pressure  of  the  roll  u^  may  be  brought  to  bear 
on  the  yarn  as  it  is  wound  on  the  loom  beam  s.  As  the  diam- 
eter of  the  loom  beam  is  constantly  increasing,  due  to  the 
yarn  being  wound  on  it,  the  beam  presses  down  the  roll  7/4 
and  at  the  same  time  turns  the  shaft  u  and  raises  the  weight  //«. 
During  this  action,  the  pawl  ii,  slides  over  the  back  of  the 
teeth  of  the  ratchet  gear  ;/,,  but  does  not  prevent  in  any 
manner  the  action  of  the  roll  7/4  on  the  yarn.  The  object  of 
this  pawl  and  ratchet  is  simply  to  hold  the  weight  in  position 
when  doffing  the  loom  beam,  or  in  case  it  is  necessary  for 
any  reason  to  lift  the  weight  and  bring  the  roll  u^  out  of  con- 
tact with  the  yarn. 

20.  The  presser  arrangement  described  is  somewhat 
deficient,  owing  to  the  fact  that  the  roll  is  not  always  in 
contact  with  the  yarn  at  the  extreme  edges,  as,  for  instance, 
when  a  beam  is  being  run  that  has  a  space  between  its 
flanges  sli<^htly  in  excess  of  the  length  of  the  roll.  To  over- 
come this  defect,  rolls  are  sometimes  made  in  two  parts  and 
contain  a  spring  that  serves  to  separate  these  parts  in  such 
a  manner  that  the  ends  are  always  in  contact  with  the  flanges 
on  the  beam.  The  ends  of  the  two  parts  that  come  in 
contact  with  each  other  at  the  center  of  the  beam  are  made 
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with  alternate  projections  and  recesses,  so  that  the  projec- 
tions on  one  roll  fit  into  the  recesses  on  the  other.  By  this 
means,  when  the  two  rolls  are  extended  by  the  action  of  the 
spring,  the  yarn  at  the  center  of  the  loom  beam  will  still  be 
under  the  action  of  the  rolls. 

There  have  also  been  introduced  various  forms  of  patented 
pressers,  the  one  shown  in  Fig.  11  (a),  (d),  and  (c)  being 
the  one  adopted  on  the  slasher  that  has  been  described. 
Fig.  11  (a)  being  a  sectional  elevation  taken  along  the 
center  line  of  the  front  elevation,  Fig.  11  (d),  while  Fig.  11  (c) 
is  a  plan  view  of  the  carriage  v  with  the  rolls  removed. 
It  consists  of  a  shaft  u  extending  from  one  side  of  the 
slasher  to  the  other  and  carrying  the  ratchet  gear  «„  lever  «„ 
and  adjustable  weight  «.  similar  to  the  presser  shown  in 
Fig.  10.  Extending  from  nearly  the  central  point  of  the 
shaft  11  is  a  single  arm  «» that  supports  the  carriage  z/,  which, 
in  turn,  supports  three  sets  of  bowls  w„  w,,  //..  The  back 
and  middle  sets  of  bowls  support  a  roll  w*,  while  the  front 
and  middle  bowls  support  an  expanding  roll  Wio  that  consists 
of  an  internal  shaft  on  which  are  mounted  two  tubular  rolls. 
The  front  bowls  «,  rest  in  swivel  bearings,  to  which  are  con- 
nected rods  z',,  z/,  that  are  attached  at  their  other  ends  to  a 
lever  z/,  supported  by  a  shaft  to  which  is  attached  the  bell- 
crank  lever  z;*.  When  the  beam  is  first  started,  the  front 
bowls  w,  are  in  the  position  shown  in  Fig.  11  (d)  and  (c); 
consequently,  as  these  bowls  revolve  toward  the  front  of  the 
machine  they  tend  to  force  the  tubular  rolls  toward  the 
flanges  of  the  beam  and  keep  them  in  this  position  while 
the  beam  is  being  filled.  As  the  roll  that  rests  between  the 
back  and  middle  sets  of  bowls  is  constantly  being  pressed 
against  the  yam  wound  at  the  center  of  the  beam,  the  action 
of  the  two  rolls  combined  insures  a  firm  and  compact  beam. 

As  the  diameter  of  the  beam  is  increased  by  the  yarn 
wound  on  it,  the  carriage,  together  with  its  several  parts,  is 
forced  down  until  the  upper  arm  of  the  bell-crank  lever  v^ 
comes  in  contact  with  a  pin  Vt  on  the  arm  z\.  Any  further 
downward  motion  of  the  carriage  will  cause  the  lower  arm 
of  the  bell-crank  lever  to  swing  to  the  right  and  turn  the 
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stud  on  which  it  is  mounted,  together  with  the  lever  z/,. 
This  motion  of  the  lever  z/,  being  communicated  to  the 
swivel  bearings,  through  the  connecting-rods  z;,,  z;,,  causes 
the  position  of  the  front  set  of  bowls  to  become  reversed 
and  occupy  the  position  shown  by  the  dotted  lines  in 
Fig.  11  (r),  with  the  result  that  the  tubular  rolls  now  move 
in  toward  the  center  of  the  beam.  The  arm  z/,  should  be  so 
set  that  the  pin  z/,  will  come  in  contact  with  the  bell-crank 
lever  when  the  beam  is  nearly  full,  thus  preventing  the  tubu- 
lar rolls  expanding  beyond  the  beam  flanges  and  cutting 
the  yam.  

GEARING 

21.  Fig.  12  shows  a  plan  of  the  gearing  of  the  slasher. 
The  tight-and-loose  pulleys  Wy  w^  are  mounted  on  the  cross- 
shaft  zz/„  which  carries  at  its  other  end  the  change  gear  zz/,. 
The  gear  w^  drives,  by  means  of  a  carrier,  the  gear  w^  on 
the  drag  roll  r.  On  the  shaft  of  the  drag  roll  with  the 
gear  w^  is  a  bevel  gear  w^  that  drives  another  bevel  gear  w^ 
on  the  side  shaft  w^.  At  the  other  end  of  this  side  shaft  are 
two  bevel  gears  ze^,,  u\  that  drive,  respectively,  the  bevel 
gears  z«/i«,  w^x  on  the  size  rolls  d^,  d.  On  the  shaft  u\  is  also 
placed  a  pulley  ze/„  that  drives,  by  means  of  the  belt  ^„  the 
pulley  kx  on  the  shaft  carrying  the  fan  k.  The  gear  w^  drives 
the  gear  /  of  the  friction  motion.  The  side  shaft  together 
with  the  bevel  gears  driving  the  size  rolls  are  introduced  in 
order  to  relieve  the  strain  on  the  yam  that  would  occur  if 
the  size  rolls  had  to  be  revolved  by  the  drag  roll  pulling  the 
yam  over  them.  Cotton  yarn,  if  stretched  when  wet,  loses 
much  of  its  elasticity;  consequently,  the  method  is  adopted  of 
driving  the  size  rolls  through  a  side  shaft  at  such  a  speed  that 
they  will  deliver  the  same  amount  of  yam  as  that  taken  up  by 
the  drag  roll.  In  some  cases  the  stretch  of  the  yarn  between 
the  size  rolls  and  the  drag  roll,  which  amounts  to  approxi- 
mately i  per  cent.,  will  cause  the  yarn  to  be  slack.  In  this 
case  an  additional  layer  of  cotton  cloth  is  wound  around  the 
drag  roll  to  increase  its  diameter.  When  it  is  desired  to 
drive  the  cylinders  positively,  in  order  to  still  further  reduce 
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the  strain  on  the  yarn,  a  train  of  gears  is  inserted  between 
each  cylinder  and  the  side  shaft. 

22.  In  some  cases  the .  shaft  w^  that  carries  the  driving 
pulleys  w,  Wxy  instead  of  having  the  gear  w^  attached  to  it, 
carries  a  cone  that,  by  means  of  a  cone  belt,  drives  another 
cone,  the  gear  w^  being  on  the  end  of  the  shaft  carrying  the 
driven  cone.  The  object  of  driving  the  different  parts  of 
the  slasher  through  cones  is  to  make  it  possible  to  change 
the  speed  of  the  machine  more  quickly  and  conveniently  than 
by  gears.  When  a  different  quality  of  work  is  run  on  the 
slasher  it  may  be  necessary  to  change  its  speed.  For 
example,  when  running  a  warp  of  a  small  number  of  ends 
that  is  to  be  sized  lightly,  the  slasher  may  be  run  very  quickly; 
while,  on  the  other  hand,  if.it  is  desired  to  run  a  heavy  sheet 
of  warp  or  one  that  requires  considerable  size,  the  yarn  will 
require  a  longer  time  for  drying,  and  consequently  the 
machine  must  be  run  more  slowly.  When  the  cone  drive  is 
not  adopted,  the  driving  pulleys  or  one  of  the  gears  must  be 
changed  to  accommodate  the  speed  of  the  slasher  to  the 
work  being  run;  but  in  case  the  cone  drive  is  adopted,  it  is 
simply  necessary  to  move  the  cone  belt  along  the  cones  until 
the  desired  speed  is  obtained. 

23.  Slow  Motion. — Since  it  is  necessary  at  times  to 
greatly  reduce  the  speed  of  the  slasher  without  stopping  it 
entirely,  as,  for  instance,  when  piecing  up  broken  ends,  a 
slow  motion  is  introduced.  A  view  of  this  motion  is  given 
in  Fig.  13.  The  tight  pulley  w  is  setscrewed  to  the  shaft  w^\ 
consequently,  when  the  belt  is  on  this  pulley  the  slasher  is 
receiving  its  maximum  speed.  In  case  it  is  desired  to  set 
the  slow  motion  in  operation,  the  belt  is  shipped  to  the  slow- 
motion  pulley  X,  which  is  on  a  sleeve  x^  that  works  loosely 
on  the  shaft  a/„  the  loose  pulley  w^  working  loosely  on  this 
sleeve.  Setscrewed  to  the  sleeve  x^  is  the  hub  x^  of  the 
gear  jr„  which  engages  with  a  gear  jr*  on  a  short  stud;*:..  At 
the  other  end  of  this  stud  is  a  gear  x^  that  engages  with  the 
gear  Xt  loose  on  the  shaft  w^.  Attached  to  the  gear  x,  is  a 
pawl  X.  that  engages  with  the  ratchet  gear  x.,  which  is  keyed 
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to  the  shaft  a/,*  A  spring  jr»«  that  is  sprungr  around  the  Mb 
oi  the  ratchet  gear  at.  by  engaging  with  the  pins  on  the 
pawl,  causes  the  pawl  to  become  engaged  with  the  ratchet 


gear  when  the  belt  is  on  the  slow-motion  pulley,  but  throv 
the  pawl  out  of  contact  when  the  belt  is  on  the  tight  pullef* 
Thus»  in  the  former  case  the  pawl  assumes    the  posiiiun 
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shown  by  the  full  lines  in  Fig.  13  (d),  while  in  the  latter 
case  it  assumes  the  position  shown  by  the  dotted  lines. 

The  explanation  of  this  action  is  as  follows:  When  the 
belt  is  on  the  tight  pulley,  the  shaft  w,  is  driven  directly  with 
the  pulley  and  revolves  in  the  direction  shown  by  the  arrow 
in  Fig.  13  (d).  The  spring  x^o  being  sprung  on  the  hub  of 
the  ratchet  gear  will  tend  to  revolve  with  the  gear  and  the 
shaft,  but  its  connection  with  the  pins  on  the  pawl  will  pre- 
vent its  doing  so.  It  will,  however,  move  sufficiently  to 
cause  the  lower  part  of  the  pawl  to  swing  to  the  left  and 
become  disengaged  from  the  ratchet.  On  the  other  hand, 
when  the  belt  ^s  on  the  slow-motion  pulley,  the  gear  Xr  is 
being  positively  driven  in  the  direction  shown  by  the  arrow, 
carrying  the  pawl  around  with  it.  In  this  case  the  pins 
on  the  pawl  press  against  the  end  of  the  spring,  which 
causes  the  lower  part  of  the  pawl  to  swing  to  the  right 
until  it  becomes  engaged  with  the  ratchet.  The  gears 
between  the  slow-motion  pulley  and  the  ratchet  gear  x,  are  so 
arranged  that  the  machine  is  driven  at  about  one-eighteenth 
of  the  speed  it  attains  when  driven  by  the  tight  pulley. 

24.  Measuring  Motion. — The  measuring  motion  of  the 
slasher  is  operated  primarily  from  the  measuring  roll  ^, 
Fig.  2.  The  details  of  this  motion  are  shown  in  Fig.  14. 
Resting  on  the  drag  roll  r  and  driven  by  frictional  contact 
with  it  is  the  measuring  roll  p,  which  is  4  ns  inches  in  diameter 
and  carries  at  one  end  a  gear  p,  of  45  teeth.  The  gear  p, 
drives,  by  means  of  a  carrier,  the  gear/,,  which  is  on  a  short 
stud  with  the  single  worm  p^.  The  worm/*  drives  the  gear/, 
on  the  shaft/..  At  the  front  end  of  this  shaft  is  a  worm/, 
driving  the  gear/,  on  a  stud  that  passes  through  the  indica- 
ting disk/,  and  carries  at  its  upper  end  the  finger /i,.  The 
disk/,,  shown  in  plan  view  in  Fig.  14  (b),  is  supported  by 
a  bracket  attached  to  the  framework  of  the  slasher,  but  the 
finger /„  revolves  with  the  stud  on  which  it  is  mounted,  and 
thus  indicates  the  length  of  yarn  run.  On  the  slasher  the 
amount  of  yarn  nm  is  spoken  of  as  so  many  cuts,  a  cut  indi- 
cating any  number  of  yards — usually  between  40  and  60 — 
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that  may  be  determined  on,  and  the  finger  Ao  indicates  on 
the  disk  /,  the  production  of  the  machine  in  cuts.  One  rev- 
olution of  the  shaft  /,  represents  one  cut  run  on  the  slasher; 
consequently,  since  there  are  20  teeth  in  the  gear  p^  and  this 
gear  is  driven  by  a  single  worm,  the  stud,  together  with  the 
finger  ^»«,  will  make  one  revolution  while  twenty  cuts  are 
being  run.  As  there  are  only  ten  numbers  on  the  disk/,,  it 
follows  that  each  number  represents  two  cuts  run;  that  is,  if 
the  finger  is  set  at  the  zero  point  on  the  disk  and  the  slasher 
started,  when  the  finger  has  moved  to  1  on  the  disk  two  cuts 
will  have  been  run.  On  some  slashers  the  gearing  is  so 
arranged  that  the  finger  moves  one  number  each  time  a  cut 
is  run,  while  the  disk  is  divided  into  twenty  divisions. 

The  carrier  gear  interposed  between  the  gears  A»A  is 
held  in  position  by  a  short  lever,  by  raising  which  the  car- 
rier gear  may  be  readily  moved  out  of  contact  with  the  two 
gears.  This  arrangement  provides  a  means  of  setting  the 
cut  marker  by  turning  the  handle  on  the  gear  /,  without 
rotating  the  measuring  roll. 

25.  Cut  Marker. — During  the  weaving  process,  each 
time  a  cut  has  been  woven  the  cloth  is  severed  from  the  resti 
of  the  warp;  it  consequently  becomes  necessary  to  provide 
some  means  by  which  the  weaver  may  know  when  the 
desired  length  has  been  woven.  This  is  provided  for  by 
introducing  on  the  slasher  a  mechanism  known  as  a  cut 
marker  that  stamps  on  the  warp  yarn  a  mark  at  each  com- 
plete revolution  of  the  shaft  /.»  Fig:-  14.  Referring  to  this 
figure,  on  the  shaft  /.  is  a  bevel  gear  y  that  engages  with 
another  bevel  gear  on  a  short  shaft  that  carries  a  cast- 
iron  pulley  y^,  A  pan  y^  that  partly  encircles  the  pulley  yi 
is  fastened  to  the  framework  of  the  slasher  and  contains  a 
dye  yt.  An  outer  casing  y^  is  placed  over  the  top  of  the 
dye  pan  and  at  the  point  y^  is  cut  away  in  order  to  expose 
a  portion  of  the  pulley  yi.  A  cam  y,,  shown  in  elevation 
in  Fig.  14  (r),  is  setscrewed  to  the  shaft  fi»  and  acts  on  a 
lever  y,  that  is  kept  constantly  pressed  against  the  face  of 
the  cam  by  means  of  the  spring  y,.     On  the  stud  to  which 
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the  lever  y^  is  attached  is  a  screw  yxx  that  is  in  contact  with 
the  hammer  j/„  which  is  weighted  at  the  end  j',,  in  order  to 
overbalance  its  forward  end. 

The  action  of  these  parts  is  as  follows:  As  the  shaft  p. 
revolves  it  turns  the  pulley  y^  by  means  of  the  two  bevel 
gears,  thus  causing  the  face  of  this  pulley  to  be  constantly 
smeared  with  dye.  The  cam  y.  also  revolves  and  thus 
forces  upwards  the  lever  y^  until  the  point  at  which  the  cam 
is  cut  away  comes  in  contact  with  the  lever,  when  the  spring 
forces  down  the  lever  with  a  quick  motion,  at  the  same  time 
causing  the  screw  yxx  to  throw  down  the  forward  end  of  the 
hammer  y^  so  that  it  will  come  in  contact  with  the  face  of 
the  pulley  j'x.  As  the  yarn  is  between  the  hammer  and  the 
pulley,  it  will  be  marked  with  the  dye,  and  since  the  weighted 
end  >',o  of  the  lever  immediately  forces  up  the  forward  end, 
the  contact  with  the  warp  is  as  brief  as  possible.  This  is 
desirable,  since  if  the  pulley  should  be  in  contact  with  the 
warp  for  any  appreciable  length  of  time,  a  long  smear 
would  be  made  instead  of  a  mark  only  about  2  inches  long 
as  is  desired. 

Other  parts  of  the  cut  marker  that  should  be  noticed  are 
hthe  casting  z  and  bell  2',.  The  casting  z  is  setscrewed  to  the 
shaft  />.,  and  as  it  revolves  with  the  shaft  its  point  comes  in 
contact  with  z^  and  rings  the  bell.  This  casting  is  generally 
set  in  such  a  position  that  it  will  cause  the  bell  to  ring  when 
about  half  a  cut  has  been  run,  thus  indicating  to  the  tender 
that  another  cut  is  about  to  pass  the  drag  roll. 


CAIXUI^ATIONS 

26.  The  calculations  in  connection  with  the  slasher  are 
not  now  of  so  much  importance  as  formerly  when  a  great 
variety  of  change  gears  were  used  to  obtain  the  different 
lengths  of  cuts.  In  connection  with  any  calculations  dealing 
with  the  production  of  a  slasher,  it  should  be  understood  that 
a  certain  percentage  must  be  deducted  from  the  calculated 
production  in  order  to  make  allowance  for  stoppages  due  to 
such  causes  as  changing  the  loom  beams  or  changing  the  sets 
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at  the  back  of  the  slasher.  This  allowance  will  of  course 
vary  vrith  different  classes  of  yam,  but  for  ordinary  work, 
such  as  plain  white  warps,  about  35  per  cent,  will  be  found 
to  be  a  fair  allowance. 

Example  1.— Referring  to  Fig.  12,  find  the  speed  of  the  drag  roll  if 
the  driving  shaft  makes  250  revolutions  per  minute  and  the  change 
g^ear  has  36  teeth. 

250  X  36 
Solution. —    — :^^ —  =  85.714  rev.  per  min.    Ans. 

Example  2. — Find  the  number  of  yards  slashed  per  minute  if  the 
drag  roll  makes  85.714  revolutions  per  minute. 

85.714  X  6  X  3.1416        .,  ^_     ,       . 
Solution. —    Tv~l2 ~  44.879  yd.    Ans. 

Example  3. — Find  the  speed  of  the  size  rolls  when  the  driving  shaft 
makes  250  revolutions  per  minute  and  the  change  gear  has  36  teeth. 

250X36X20X32       _-,.„  .         . 

Solution.—    — 105  v  30^32 —  ^  57.142  rev.  per  mm.    Ans. 

Example  4. — Find  the  number  of  yards  per  minute  that  pass  the 
size  rolls  when  they  make  57.142  revolutions  per  minute. 

57.142X9X3.1416        .^  ^_      ,       . 
Solution.—    »      .^ =  44.8/9  yd.    Ans. 

It  will  be  noticed  from  the  above  calculations  that  the 
amount  of  yam  taken  up  by  the  drag  roll  exactly  equals 
the  amount  passed  forwards  by  the  size  rolls.  This,  of 
course,  is  necessary  in  order  to  keep  the  yarn  at  the  proper 
tension  between  these  two  points. 

Example  5. — Referring  to  Fig.  12,  find  the  speed  of  the  fan  when 
the  driving  shaft  makes  250  revolutions  per  minute. 

250  X  15 
Solution. —    — ^-^ —  =  1,000  rev.  per  min.    Ans. 

Example  6. — Referring  to  Fig.  13,  find  the  speed  of  the  driving 
shaft  when  the  belt  is  on  the  slow-motion  pulley,  if  this  pulley  is  driven 
250  revolutions  per  minute. 

250  X  20  X  16       - ,  „oo  A 

Solution.—    — 73^7^7    '  ~  14.232  rev.  per  mm.    Ans. 

From  the  above  calculation  it  will  be  seen  that  the  slow- 
motion  arrangement  makes  a  very  appreciable  difference  in 
the  speed  of  the  machine. 
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Example  7.— Referring  to  Fig.  14,  find  the  length  of  yam  that 
passes  the  measuring  roll  between  successive  cut  marks. 

^  4AX  3.1416X100X45        oo  Qir;     ^       a 

Solution.-  12  x  ax  45-xT—  =  .^'^^^  ^^^    ^^- 

Example  8. — Considering  the  45-tooth  gear  on  the  end  of  the 
measuring  roll  to  be  the  change  gear,  find  the  constant  for  the  meas- 
uring motion. 

_  4A  X  8.1416  X  100  X  45       ,  ^^i  «m  *     *       a 

Solution.—    --" v>  s7"q  >:^T~       -  =  1,791.693,  constant.    Ans. 

IZ  X  «■»  X  1 

Note.— The  constant  for  the  mcasurinsr  motion  in  this  make  of  slasher  is  usuaOy 
considered  as  1,800,  and  will  be  so  considered  in  these  calculations. 

Example  9. — If  the  constant  for  the  measuring  motion  is  1,800, 
what  change  gear  will  be  required  to  give  64-yard  cuts? 

Solution. —    1,800  -i-  64  =  28.125;  a  28  gear  would  be  used.    Ans. 

Example  10. — If  the  constant  for  the  measuring  motion  is  1,800, 
what  length  of  cut  will  a  35  change  gear  give? 

Solution.—    1,800  -z-  35  =  51.428  yd.    Ans. 


VARIATIONS  IN  CONSTRUCTION 

27.  It  should  be  understood  that  the  descriptions  given 
do  not  cover  all  types  of  slashers.  Various  methods  of 
applying  size  to  cotton  warps  have  been  or  now  are  in  use. 
In  the  early  days  of  manufacturing,  it  was  applied  by  hand 
with  brushes,  and  the  warps  fanned  or  hot  irons  passed 
underneath  them  until  dry.  A  later  method,  which  is  still  in 
use  to  some  extent,  was  to  make  a  warp  in  the  form  of  a 
chain  and  pass  it  through  boxes  of  size,  afterwards  drying 
it  on  cylinders;  this  was  called  ball,  or  chain,  sizing. 
Still  another  method,  to  which  the  name  of  Seoteli  dresslnjr 
was  originally  given,  was  to  warp  the  yarn  on  section  beams 
and  pass  it  through  a  dressing  machine,  the  size  being 
applied  by  brushes  with  a  reciprocating  motion;  no  lease  was 
taken  in  the  machine.  In  this  machine,  the  section  beams 
were  placed  at  each  end,  while  the  weaver's  beam  was 
formed  in  the  center.  A  later  development  of  this  machine 
was  known  as  the  tape-<lresslnp:  niaehinc,  so  called 
because  the  warp  after  being  run  through  leasing  harnesses 
was  sized  in  tapes,  or  groups  of  ends,  and  passed  to  the  loom 
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beam  in  this  form.  These  machines  were  not  used  long,  as 
they  were  tmsuccessful.  Substantially,  the  slasher  of  the 
present  day  combines  the  best  points  of  its  forerunners. 

As  previously  stated,  a  single-cylinder  slasher  is  some- 
times used  instead  of  a  double-cylinder  machine.  This  type 
of  slasher  is  generally  found  in  those  mills  where  it  is  impor- 
tant to  economize  space  and  where  a  large  production  is  not 
required.  A  single-cylinder  slasher  does  not  produce  as 
much  work  as  a  double-cylinder  slasher,  on  account  of  having 
less  drying  area,  which  necessitates  running  the  warp  through 
the  machine  more  slowly  in  order  to  satisfactorily  dry  it. 
The  same  applies  to  machines  with  small  cylinders. 

The  type  of  slasher  known  as  the  hot-air  slasher  is  used 
occasionally.  In  almost  all  respects  this  machine  is  the 
same  as  the  cylinder  slasher  except  in  the  drying  arrange- 
ment; the  yarn  in  a  hot-air  slasher  is  dried  by  being  passed 
through  a  hot-air  chamber  that  contains  many  coils  of  piping, 
through  which  steam  circulates  at  a  high  pressure.  Since  the 
chamber  is  closed,  the  air  within  reaches  a  high  temperature, 
and  as  the  sheet  of  warp  yarn  is  guided  through  it  by  means 
of  rolls  so  as  to  pass  between  the  coils  of  pipe,  it  emerges 
in  a  dry  state. 

28«  When  sizing  colored  warps  on  the  slasher  it  is  not 
advisable  to  run  all  the  colors  through  one  size  vat,  as  the 
colors  that  are  not  fast  or  the  darker  colors  would  tend  to 
run  and  discolor  the  white  or  lighter  colors.  It  is  customary, 
therefore,  to  have  two  size  boxes  and  arrange  for  the  white 
or  light  fast  colors  to  pass  through  one  box,  while  the  dark 
or  fugitive  colors  pass  through  another.  Owing  to  these 
size  boxes  being  some  little  distance  apart  and  the  yarn 
passing  to  the  top  of  the  large  cylinder  from  the  size  boxes, 
the  two  sheets  of  warp  are  kept  separate  for  a  distance  of 
about  10  feet.  In  passing  through  this  space  they  become 
partly  dried,  and  thus  before  the  two  sheets  come  in  con- 
tact the  colors  have  lost  the  tendency  to  run. 

Some  manufacturers  approve  of  the  use  of  brushes  to  lay 
the  fibers  and  improve  the  feel  and  appearance  of  the  sized 
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warp,  especially  in  mills  using  very  fine  yanis  or  on  colored 
work  where  a  distinct  weave  effect  is  required  in  the  fabric. 
The  brushes  are  applied  to  the  damp  warp  immediately 
after  it  leaves  the  size  roll  in  the  size  box;  they  are  cir- 
cular, covered  with  a  good  grade  of  long  bristles,  and  by 
rotating  at  a  suitable  speed  effect  the  object  just  described. 
The  yarn  then  passes  to  the  cylinder  in  the  ordinary  way. 
Below  each  brush  is  another  that  runs  in  a  trough  filled  with 
water.  It  comes  in  contact  with  the  upper  brush  and  serves 
to  keep  the  latter  clean. 

Slashers  can  be  constructed  so  as  to  make  two  beams  at 
the  front  of  the  machine  instead  of  one,  by  having  one  head- 
stock  placed  above  another.  This  is  not  advisable,  except 
where  beams  with  a  small  number  of  ends  are  required,  such 
as  top  beams  for  fancy  work.  In  such  cases  if  only  one  loom 
beam  is  run  at  a  time,  the  small  number  of  ends  passing 
through  the  slasher  will  be  found  to  be  a  disadvantage  to 
good  work,  in  addition  to  greatly  increasing  the  cost  per 
pound  for  slashing.  By  passing  sufficient  ends  through  the 
slasher  for  two  loom  beams  and  adopting  the  arrangement 
mentioned  for  filling  two  beams  at  one  time,  these  dis- 
advantages are  greatly  lessened. 


MANAGEMENT  AND  OPEKATION 

29.  The  process  of  slashing  warps  is  one  of  the  most 
important  in  the  mill,  and  should  be  in  charge  of  thoroughly 
competent  men.  One  hour's  carelessness  or  one  hour's  work 
by  an  incompetent  slasher  tender  will  cause  a  month's  worry 
and  annoyance  to  a  weaver,  in  addition  to  causing  bad  work, 
seconds,  and  lessened  production  in  the  weave  room;  and  as 
one  slasher  supplies  from  three  hundred  to  five  hundred 
looms  with  warps,  its  importance  is  easily  seen. 

30.  Croellnp:. — At  the  end  of  each  set  croellnpr  takes 
place,  namely,  removing  the  empty  section  beams  from  the 
creel  and  replacing  them  with  full  ones,  and  at  this  time 
opportunity  is  also  taken  to  wash  the  rolls  and  clean  certain 
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parts  of  the  machine.  When  a  set  is  finished  and  full  sec- 
tion beams  must  be  placed  in  the  creel  instead  of  the  empty 
ones,  the  hoist  and  track  is  used  to  bring  these  into  place. 
The  ends  of  warp  are  guided  around  the  beams  and  tied  to 
the  sheet  of  warp  from  the  former  set.  A  weight  is  slung 
over  the  beam  barrels  to  avoid  the  overrunning  of  section 
beams.  During  the  running  of  a  set  stoppages  should  be  made 
only  for  the  purpose  of  doffing  the  loom  beams  as  they  are 
filled,  since  better  work  can  be  done  by  continuous  running. 
A  set  of  section  beams  usually  makes  from  fifteen  to 
twenty  loom  beams,  depending  on  the  diameter  of  the  loom- 
beam  heads,  and  it  ought  to  be  the  object  of  the  slasher 
tender  not  to  stop  the  slasher  during  the  running  of  the  set 
more  frequently  than  is  necessary  to  doff  these  beams,  so  as 
to  maintain  the  same  conditions  continuously  and  to  avoid 
variations  in  the  sizing  or  the  drying  of  the  yarn.  In  some 
mills,  it  is  customary  to  start  a  new  set  each  morning  and 
finish  it  the  same  day.  In  order  to  do  this  it  is  necessary 
that  the  slashers  should  be  driven  by  a  small  independent 
engine  or  electric  motor,  so  that  they  can  be  run  during  the 
noon  hour  and  overtime  at  night,  if  necessary.  This  also 
gives  facilities  for  working  the  slashers  overtime  when  nec- 
essary to  maintain  the  supply  of  warps  for  the  looms. 

31.  Doffing. — It  is  customary  to  run  the  yarn  on  the 
loom  beam,  not  only  until  it  is  filled  level  with  the  heads, 
but  also  almost  an  inch  outside  the  heads,  coning  the  ends 
gradually  by  contracting  the  expansion  comb,  so  that  the 
yarn  will  not  fall  over  the  beam  heads  or  become  entangled 
or  slack.  The  object  of  this  is,  of  course,  to  get  as  much 
yam  on  the  beam  as  is  possible.  The  greater  the  length  on 
the  loom  beam,  the  longer  the  loom  can  run  without  chan- 
ging the  warp,  thus  increasing  the  production  and  reducing 
the  cost  of  drawing  in  the  warps.  If  the  yarn  otherwise 
contained  on  fifteen  loom  beams  could  be  placed  on  thirteen 
by  placing  some  yarn  above  the  level  of  the  heads 
of  the  loom  beams,  the  expense  of  drawing  in  two  warps 
would  be  saved  on  each  set.     A  certain  amount  of  waste  is 
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also  avoided  by  this  raeans*     It  is  more  customary  to  prac- 
tice this  in  mills  on  plain  or  heavy  fabrics  than  in  mills  on 
fancies  or  fine  fabrics,  where  the  contraction  in  the  width  of 
the  warp  might  be  detrimental  to  satisfactorily  starting  the  ^ 
warp  in  the  loom,  B 

Just  before  doffing  the  beam  in  the  slasher  it  is  customary 
for  the  tender  to  make  such  preparations  for  stopping  as 
putting  in  lease  bands,  if  he  desires  to  test  whether  the  leases 
are  all  rightt  placing  these  in  such  a  posi- 
tion that   they   will  appear  at   the   front 
almost  exactly  where  the  warp  will  be  cut 
off   when  doffing.    The  slasher  is  then 
stopped    and    the    beam    slung    out  by 
means  of  the  hoisting  tackle  (if  this  is 
used;  if  not,  the  beam  is  taken  out  b|fl 
hand  and  placed  on  a  truck);  a  new  loom 
beam  is  placed  in  the  frame  and  the  sheet 
of  warp  attached  to  it   by  means  of  a 
wooden  rod  that  fits  into  a  groove  in  ihe 
barrel  and  under  which  the  yarn  is  firmly 
held.   A  comb,  such  as  is  shown  in  Fig.  15, 
is  then   struck    through  the   completed 
warp,  in  order  to  keep  the  ends  straight, 
and  the  cap  of  the  comb  tied  securely,  after  which  the  sheet 
of  warp  is  cut  with  a  pair  of  shears  and  the  ends  of  the  warpH 
on  the  full  loom  beam   knotted   in  three  or  four  buncheii.S 
After  the  expansion  comb  is  adjusted  so  that  the  sheet  of 
warp  will  fit  the  new  loom  beam  accurately,  as  previously 
explained,  the  slasher  is   operated  for  a  short  period  with 
the  driving  belt  on  the  slow-motion  pulley  until  the  tender 
sees  that  a   good  beam  is  being  made  and  all  is  running 
satisfactorily,  when  the  belt  is  shipped  to  the  tight  pulley  and 
the  machine  operated  until  it  is  time  to  again  dofif  a  beam. 

32.     The  cylinders  should  be  kept  hot  enough  to  dry  th^l 
yam  satisfactorily  but  not  so  hot  as  to  make  the  yarn  briiile. 
Pressure  of  steam  practically  regtilates  this,  as  a  higher  pres 
sure  of  steam  means  a  higher  temperature. ^    It  is  an  accepte 
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rule  among  good  slasher  tenders  that  better  work  can  be 
done  with  a  machine  running  slowly  and  the  cylinders  at  a 
moderate  temperature  than  by  having  a  high  temperature 
and  running  the  yarn  through  very  quickly.  Yam  should 
never  be  run  on  the  beam  unless  perfectly  dry.  If  damp  it 
tends  to  mildew  and  rot,  making  bad  weaving  and  spoiling 
the  goods.  The  pressure  of  steam  used  in  the  cylinders 
varies  from  4  to  15  poimds.  A  high  pressure  of  steam  is 
used  when  coarse  yarn  is  being  slashed;  when  a  large  per- 
centage of  size  is  applied;  for  a  warp  with  a  large  number  of 
ends;  and  when  a  slasher  is  being  run  at  a  high  speed,  even 
with  a  medium  number  of  yam  or  a  medium  sheet.  Low 
pressure  is  used  for  fine  yams,  thin  sheets,  or  slow-running 
machines.     About  8  pounds  is  the  usual  pressure. 

Cylinders  must  be  kept  clean.  New  cylinders  should  be 
rubbed  with  tallow  to  prevent  the  yarn  sticking;  it  is 
also  advisable  to  treat  old  cylinders  in  this  way  once  in  a 
while,  especially  where  there  is  not  much  softening  material 
used  in  the  size. 

The  admission  of  size  to  the  size  boxes  requires  watchful- 
ness so  as  to  keep  about  the  same  quantity  in  the  box  at  all 
times  and  to  frequently  admit  a  new  supply  in  small  quanti- 
ties. As  the  size  is  heated,  while  in  the  box,  by  means  of 
steam  injected  through  the  steam  pipe,  the  condensation  of 
the  steam  constantly  tends  to  reduce  the  consistency  of  the 
size,  so  that  if  long  intervals  elapse  between  admitting  fresh 
size  the  mixture  is  apt  to  become  too  thin,  and  later,  when 
new  size  is  admitted,  it  becomes  too  thick,  causing  a  vari- 
ation in  the  percentage  placed  on  the  yarn.  It  is  important 
to  carefully  regulate  the  amount  of  steam  admitted  to  heat 
the  size,  by  means  of  a  valve  provided  for  this  purpose. 
The  immersion  roll  must  be  kept  low  enough  to  give  a  good 
supply  of  size  to  the  warp.  The  lower  the  roll  is  placed,  the 
longer  the  yarn  remains  in  the  size,  and  consequently,  the 
greater  amount  it  absorbs. 

The  spots  of  color  forming  the  cut  marks  should  be 
noted  to  ascertain  if  there  is  sufficient  color  imprinted  on  the 
w^rp  to  make  the  mark  easy  of  observation  to  the  weaver  and 
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yet  not  so  much  that  it  will  soak  through  two  or  three  layers 
of  the  warp  when  the  yam  is  wound  on  the  loom  beam  and 
cause  the  weaver  to  doubt  which  is  the  correct  mark,  besides 
discoloring  the  cloth.  Cut  markers  are  sometimes  placed  at 
the  back  of  the  slasher,  in  order  to  avoid  this  difficulty  by 
drying  the  cut  mark  before  it  reaches  the  beam. 

The  winding  of  the  yarn  on  the  beam  at  the  front  of  the 
machine  must  receive  constant  attention,  not  only  to  see  that 
the  sheet  of  warp  is  spread  evenly  by  means  of  the  expansion 
comb,  so  as  to  form  a  smooth  surface  across  the  entire  beam 
without  ridges,  and  that  the  yarn  fits  snugly  against  the 
beam  heads,  so  as  to  avoid  making  too  soft  or  too  hard  edges 
to  the  warp  beam,  but  also  to  watch  the  tension  drive,  so 
that  it  shall  be  at  all  times  great  enough  to  wind  the  yam 
tightly  on  the  beam  but  not  sufficient  to  put  so  much  tension  on 
the  threads  as  to  weaken  or  break  them.  A  well-made  beam 
should  be  perfectly  hard  and  round,  especially  near  the  heads. 
A  soft  end  to  a  beam  is  a  great  nuisance  to  the  weaver. 

The  section  beams  in  the  creel  require  watching,  so  as  to 
detect  as  early  as  possible  the  breakage  of  any  end,  which 
is  indicated  by  a  lap  on  the  beam,  which  becomes  more 
prominent  as  the  other  ends  unwind.  This  lap  should  be 
promptly  cut  off  and  the  broken  end  allowed  to  pass  forwards 
and  placed  in  proper  position  in  the  comb  at  the  front  of  the 
machine. 

When  repairing  broken  ends,  just  before  and  after  doffing 
the  beam,  or  performing  other  operations  in  connection  with 
the  slasher,  it  is  advisable  to  run  the  machine  with  the  belt 
on  the  slow-motion  pulley.  If  the  steam  valve  to  the  cylin- 
der is  not  automatically  closed  at  the  same  time  that  the 
belt  is  moved  to  the  slow-motion  pulley  or  to  the  loose 
pulley,  the  tender  must  shut  off  the  steam  and  watch  the 
warp  on  the  cylinder  to  see  that  it  does  not  become  burned. 

When  the  slasher  is  stopped  at  night  it  is  important  that 
the  sizx  rolls  and  squeeze  rolls  should  be  washed  with  cold 
water,  the  immersion  roll  raised  out  of  the  size,  and  the 
squeeze  rolls  raised  out  of  contact  with  the  size  rolls;  the 
steam  is  also  shut  off  from  the  cylinders. 
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In  order  to  divide  the  warp  into  tapes,  or  groups  of  ends, 
to  afford  easy  facilities  for  filling  the  expansion  comb  at  the 
front  of  the  machine,  a  striking  comb  with  as  many  teeth  as 
there  are  teeth  in  the  expansion  comb  is  sometimes  pushed 
through  the  sheet  of  warp  just  before  it  enters  the  size  box 
at  the  beginning  of  a  set  and  held  there  while  a  few  yards  of 
warp  pass  through  it.  This  causes  the  warp  to  be  sized  in 
tapes,  and  one  tape  is  placed  in  every  space  in  the  expansion 
comb.  This,  of  course,  is  done  before  the  split  rods  are 
inserted.  The  striking  combs  used  for  this  purpose  differ  in 
the  number  of  teeth  to  the  inch,  there  being  usually  three 
sizes  to  each  machine.  If  a  set  of  section  beams  is  intended 
for  narrow  loom  beams  a  comb  with  few  teeth  per  inch  is 
used,  so  as  to  divide  the  sheet  into  fewpr  tapes  and  thus  take 
up  less  width  in  the  expansion  comb  at  the  front.  If  it  is 
intended  to  make  wide  loom  beams,  a  striking  comb  with 
more  teeth  per  inch  is  used,  so  as  to  give  more  tapes,  which 
will  occupy  more  space  in  the  front  comb. 


SIZE 


MATERIALS 

33.  Many  points  distinguish  a  good  size  mixing  from  a 
poor  one;  the  leading  qualification  for  a  suitable  one  is  its 
adhesive  property,  since  it  is  useless  to  size  warps  if  the  sub- 
stance falls  off  at  the  lo.om.  Other  requirements  are  good 
color,  uniform  consistency,  and  the  property  of  leaving  the 
yam  smooth,  tenacious,  and  pliable,  even  when  heavily  sized. 
The  ingredients  should  also  be  selected  with  a  view  to  the 
processes  through  which  the  cloth  must  pass  after  weaving. 
Some  of  the  chemical  properties  of  certain  ingredients  are 
detrimental  to  the  converting  oi  cloth,  as  in  bleaching,  dyeing, 
printing,  and  other  succeeding  processes.  The  number  and 
variety  of  sizing  substances  render  it  impossible  to  ade- 
quately describe  the  properties  and  uses  of  each,  and  mention 
will  be  made  of  those  of  principal  importance  only. 

Sizing  materials  may  be  divided  into  five  classes* 
(a)  starches,  or  the  adhesive  substances,  forming  the  body 
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of  the  mixing;  {d)  softening  substances,  used  to  avoid 
harshness  in  the  dried  warp  and  preserve  the  softness  and 
pliability  of  the  yarn;  (r)  weighting  substances,  used  in 
medium  and  heavy  sizing  to  add  the  weight  that  the  adhe- 
sive substances  cannot  give;  (d)  antiseptics,  or  substances 
that  tend  to  destroy  micro-organisms  and  vegetable  life,  and 
thiis  prevent  the  growth  of  mildew  or  the  decomposition  of 
the  size;  (e)  miscellaneous  ingredients,  used  for  coloring 
and  other  purposes. 

34.  Starches. — Considering  the  first  group  of  sub- 
stances, the  principal  ingredients  are  com  starch,  potato 
starch  (sometimes  called  farina),  wheat  flour,  sago  flour,  or 
rice  flour.  In  the  United  States,  com  starch  and  potato 
starch  are  the  principal  adhesive  substances  used,  some  mill 
men  preferring  one,  some  another,  usually  the  cheaper  one 
being  adopted.  Either  is  convenient  for  use  in  light  sizing, 
but  each  requires  a  softener  to  counteract  the  harshness  that 
it  gives  to  the  warp  when  used  alone.  Wheat  flour  is  very 
largely  used  in  heavy  sizing,  as  it  is  more  glutinous  and 
fixes  weighting  substances  on  the  yarn  better  than  any  other 
material;  it  also  does  not  tend  to  make  the  warp  as  harsh  as 
starches  of  other  grains;  on  the  other  hand,  it  has  a  tend- 
ency toward  mildew  and  does  not  give  as  bright  a  color  to 
the  warp  as  some  of  the  other  materials. 

35.  Softeners. — Perhaps  the  most  useful  material  for  a 
softener  is  tallow,  which  is  the  refined  fat  of  animals,  beef 
or  mutton  tallows  being  the  principal  ones  used  for  this 
purpose.  The  various  kinds  of  wax  are  also  useful;  for 
example,  Japanese  wax,  a  vegetable  product  that  is  a 
light,  hard  substance  of  a  slightly  yellow  color,  and  parafifin 
wax,  which  is  a  clear  and  semitransparent  product  obtained 
in  the  manufacture  of  mineral  oils.  A  high  melting  point 
of  wax  used  for  sizing  is  desirable,  110°  F.  being  a 
suitable  standard.  Other  softeners  sometimes  used  are 
glycerine,  castor  oil,  palm  oil,  and  soap.  Many  varieties 
of  softeners  are  sold  under  a  patented  name  used  as  a 
trade  nuirk. 
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36«  Weigrbtingr  Substances. — Weight-giving  sub- 
stances are  not  much  used  in  American  mills;  of  those  used 
china  clay,  sometimes  called  kaolin,  is  perhaps  the  most 
valuable.  This  is  a  white  or  bluish-white  clay  found  only 
in  a  few  countries,  which  if  carefully  mined  and  washed 
should  be  free  from  grit,  smooth  to  the  feeling,  dead  white 
and  uniform  in  color,  and  having  great  affinity  for  moisture. 

Among  other  substances  sometimes,  but  not  often,  used 
for  weighting  are  sulphate  of  lime,  sulphate  of  magnesia, 
sulphate  of  soda,  and  sulphate  of  baryta.  Chloride  of  mag- 
nesium {which  is  often  called  antiseptic,  though  it  possesses 
no  antiseptic  properties)  and  other  metallic  salts  are  also 
sometimes  used.  This  chloride  is  obtained  in  Germany,  and 
in  addition  to  being  naturally  a  heavy  substance,  has  the 
property  of  attracting  moisture  to  itself. 

37.  Antiseptics. — Antiseptics  are  substances  that  tend 
to  destroy  vegetable  life  and  micro-organisms  and  thus  pre- 
vent the  decomposition  of  the  size  or  the  growth  of  mildew. 
The  antiseptic  substance  that  is  most  largely  used  in  size 
mixing  is  known  as  muriate,  or  chloride,  of  zinc.  This  is  also 
valuable  as  a  weight-giving  substance,  for  since  it  is  a  metallic 
salt,  really  consisting  of  zinc  dissolved  in  muriatic  acid,  it 
has  a  high  specific  gravity.  Another  antiseptic  is  carbolic 
acid,  but  this  is  not  so  largely  used  as  the  muriate  of  zinc.    . 

38.  Ingredients  Used  for  Coloring:  and  Otber  Pur- 
poses.— Among  the  miscellaneous  substances  used  for  tint- 
ing the  size  in  case  it  is  desired  to  imitate  piece  goods  or  to 
produce  what  are  known  as  shot  effects  are  aniline  dyes  of 
various  colors.  For  tinted  warps,  a  blue  dye  is  sometimes 
used  in  very  small  proportions  for  the  purpose  of  correcting 
a  tendency  to  yellowness  in  the  size  mixing;  the  blue  dye 
changes  it  to  a  bluish  white. 

Sometimes  soda  is  used  with  the  idea  of  preventing  iron 
stains.  Turpentine  is  often  used  in  small  quantities  to  cut 
the  softening  materials  and  cause  a  proper  blending  of  the 
constituents  of  the  mixture;  from  1  gill  to  1  pint  per  100 
gallons  of  water  is  sufficient.     It  is  found  to  be  especially 
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useful  in  sizing  Egyptian  cotton  yam,  which  carries  a  wax 
or  fatty  matter  on  its  surface  in  sufficient  quantities  to 
repel  the  application  of  liquid  size. 


MIXINGS 

39.  An  important  matter  in  connection  with  size  is  the 
proportion  of  the  ingredients  to  be  used  and  the  method  of 
mixing  them.  Perhaps  no  topic  connected  with  cotton  man- 
ufacturing admits  of  such  a  variety  of  opinions  or  is 
practiced  in  so  many  ways  as  size  mixing.  Almost  every 
mill  has  a  different  mixing,  and  the  same  mill  will  frequently 
have  several  mixings  in  use  for  various  purposes.  The 
reason  for  this  is  that  the  managers  of  each  mill  have  found 
by  experience  what  they  consider  the  size  mixing  best 
suited  to  their  class  of  goods  and  to  the  climatic  and  atmos- 
pheric conditions  under  which  they  are  made.  One  mill 
may  also  desire  to  put  on  a  rather  larger  percentage  of 
size  than  another,  even  on  the  same  class  of  goods,  in  order 
to  gain  weight,  or  the  superintendent  of  one  mill  may  have 
made  a  special  study  of  sizing,  in  order  to  make  a  mixing  as 
economical  as  possible  and  at  the  same  time  satisfactory, 
while  another  superintendent  may  have  a  wasteful  system  of 
size  mixing.  The  result  is  that  there  are  hundreds  of  size 
mixings  in  use,  and  it  consequently  is  rendered  very  dif- 
ficult, if  not  impossible,  to  give  standard  mixings  that  will 
be  recognized  as  satisfactory  by  the  majority  of  mill  men. 

Although  American  size  mixings  vary,  they  are  few  com- 
pared with  size  mixings  in  Europe,  where  the  warps  are 
weighted  anywhere  from  5  to  200  per  cent,  and  where  the 
number  of  mixings  is  correspondingly  multiplied  in  variety, 
especially  as  many  sizing  ingredients  enter  European  size 
mixings  that  are  not  used  in  America  to  any  great  extent. 

In  considering  a  size  mixing,  the  proportion  of  each  of  the 
five  classes  of  size  materials  should  be  considered  with  rela- 
tion to  the  quantity  of  water  used.  Perhaps  the  best  plan  is 
to  always  reduce  the  ingredients  of  any  mixing  under  con- 
sideration to  the  basis  of  100  gallons  of  water  and  to  consider 
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the  quantity  of  dry  starch,  softening  substances,  weighting 
substances,  antiseptic  substances,  and  miscellaneous  ingre- 
dients that  are  used  to  this  100  gallons  of  water.  Also,  the 
following  points  should  be  considered:  Ply  warp  yarn  can 
be  woven  with  very  little  size,  in  some  cases  even  without 
size.  Single  warp  yarn  of  medium  number  in  a  cloth  of  light 
sley  and  pick  can  be  woven  with  a  minimum  of  size.  A  warp 
that  has  to  be  woven  in  a  fine  reed,  or  in  other  words,  one 
that  contains  a  large  number  of  ends  per  inch,  requires  a 
stronger  size  than  one  with  a  small  number  of  ends  per  inch, 
since  in  the  former  case  the  ends  are  so  close  together  that 
the  friction  on  them  is  largely  increased.  The  same  applies 
to  a  cloth  with  a  heavy  pick,  that  is,  a  large  number  of  picks 
per  inch;  in  this  case  the  warp  passes  so  slowly  through  the 
loom  that  it  is  subject  to  chafing  of  the  reeds  and  harnesses 
for  a  much  longer  time  than  a  warp  in  a  light-pick  cloth  and 
consequently  has  to  be  sized  more  heavily.  A  warp  of 
fine,  hard-twisted  yarn,  especially  Egyptian  yarn,  requires 
a  stronger  mixing  than  a  medium  yarn,  as  it  has  not  the 
same  tendency  to  absorb  size  as  a  yam  of  medium  counts 
spun  from  American  cotton.  A  very  coarse  warp,  being 
loosely  twisted,  tends  to  fray  in  the  loom  more  easily  than  a 
yam  of  medium  counts  and  twist,  and  this  requires  a  stronger 
size.  The  expression  strong  size,  or  mixing,  implies  one  con- 
taining a  large  percentage  of  sizing  material  in  proportion 
to  the  amount  of  water. 

40.  It  is  impossible  to  give  a  specific  minimum  percent- 
age of  size  to  be  used  on  all  warps  or  the  minimum  strength 
of  a  size  mixing  that  will  apply  to  all  fabrics.  The  size  for 
each  widely  different  style  of  goods  must  be  considered 
separately.  The  following  fundamental  principles,  however, 
govern  all  cases:  (a)  A  size  mixing  is  weakest  and  is 
applied  with  the  smallest  percentage  for  medium  yarns,  say 
from  number  20s  to  40s,  and  for  a  cloth  of  light  sley  and 
pick;  (^)  if  the  cloth  is  woven  with  a  heavy  sley  and  pick, 
even  with  the  same  numbers,  the  mixing  must  be  made 
stronger;  (c)  if  the  yarn  is  very  fine,  the  mixing  must  also 
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be  made  stronger;    (d)  if  the  yam  is  very  coarse  but  very 
light-twisted,  the  mixing  must  be  made  stronger. 

41.  The  following  table  gives  approximately  the  weights 
of  starch  and  softening  materials  that  ought  to  be  used  to 
each  100  gallons  of  water  on  various  numbers  of  warps  from 
10s  to  100s  for  pure  sizing  only: 

TABLE     II 


Lisht  Sley  and  Pick 

Medium  Sley  and  Pick 

Heavy  Sley  and  Pick 

Cotinta  of 

' 

Yarn 

starch 

Softening 

starch 

Softening 

Starch 

Softening 

Pounds 

Pounds 

Pounds 

Pounds 

Pounds 

Pounds 

los  to  25s 

40 

5 

45 

6 

50 

6 

25s  to  30s 

30 

4 

35 

5 

40 

5 

30s  to  40s 

35 

4 

40 

5 

50 

6 

40s  to  60s 

45 

5 

50 

5 

65 

7 

60s  to  80s 

50 

6 

65 

7 

80 

10 

80s  to  1 00s 

65 

7 

80 

10 

90 

12 

To  each  of  the  above  mixings  other  ingredients  may  be 
added  for  special  purposes;  for  example,  turpentine,  not 
more  than  1  quart  and  often  only  1  gill  to  100  gallons  of 
water;  aniline  blue,  from  }  to  2  ounce  to  100  gallons  of  water; 
alum,  not  more  than  4  pounds  to  100  gallons  of  water;  York- 
shire gum,  about  2  pounds  to  100  gallons;  soap,  about 
1  pound  to  100  gallons;  blue  vitriol,  not  more  than  1  gill  to  100 
gallons.  Only  the  turpentine  and  the  aniline  blue  are  of 
much  use,  and  then  only  in  special  cases. 

42.  It  should  be  understood  that  climate,  atmospheric 
conditions,  the  location  of  the  weave  room — whether  on 
the  ground  floor  or  on  the  upper  flbor  of  a  mill — the 
character  of  the  goods  being  made,  and  even  the  class  of 
help  that  weave  the  goods  will  necessitate  modifications 
of  any  size  mixing.  The  best  advice  that  can  be  given 
is  to  select  from  the  above  table  the  size  mixing  that 
most  nearly  approaches  the  conditions  of  the  special  case 
to  be  considered,  and  after  slashing  a  few  beams  and  finding 
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whether  they  weave  satisfactorily  or  not,  either  strengthen 
or  weaken  the  size  or  add  more  or  less  adhesive  materials 
until  the  best  mixing  is  obtained  for  the  purpose,  remem- 
bering that  it  is  better  to  err  on  the  side  of  making  the 
mixing  too  strong  rather  than  to  run  a  number  of  warps 
so  soft  that  they  will  not  weave.  More  starch  in  proportion 
to  the  amount  of  water  stiffens  the  size  and  a  heavier  per- 
centage can  be  obtained.  More  softening  materials  in  pro- 
portion to  the  amount  of  starch  and  water  make  the  warp 
more  pliable  and  remove  the  harshness  found  in  some  cases. 

Where  potato  starch  is  used  instead  of  corn  starch,  less 
weight  of  starch  is  required  to  obtain  the  same  results, 
as  potato  starch  is  better  in  quality  than  com  starch, 
although  usually  it  is  higher  in  price  and  consequently  not 
so  largely  used. 

Economy  in  the  use  of  size  materials  is  largely  a  matter 
of  boiling.  A  comparatively  weak  size  mixing  can  be  made 
to  do  the  work  of  a  stronger  mixing  if  it  is  well  boiled, 
while  at  the  same  time  better  results  are  obtained  in  the 
weave  room  from  a  well-boiled  size  than  from  one  that  is 
badly  cooked. 

43.  When  considering  the  question  of  sizing  for  weight 
the  same  remarks  as  to  varying  the  proportions  of  the 
ingredients  according  to  the  numbers  of  yarns  and  the  sley 
and  pick  hold  good,  but  in  this  case  the  mixing  has  to  be 
made  considerably  stronger,  not  only  by  an  addition  of  a 
larger  proportion  of  starch  materials,  which  necessitates 
a  larger  proportion  of  softening  materials,  btff  in  some  cases 
by  the  addition  of  weight-giving  materials.  The  following 
mixings  are  given  as  examples  of  medium  and  heavy  sizing: 

To  apply  50  per  cent,  to  the  warp,  that  is,  i  pound  of  size 
for  each  pound  of  warp  yarn:  Water,  100  gallons;  wheat 
flour,  320  pounds;  china  clay,  150  pounds;  tallow,  40  pounds; 
chloride  of  magnesium,  3  gallons;  muriate  of  zinc,  1  gallon; 
soda,  5  pounds. 

For  heavy  size,  say  100  per  cent.,  that  is,  1  pound  of  size 
for  each  pound  of  warp  yam:     Water,  100  gallons;    wheat 
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flour,  560  pounds;  china  clay,  560  pounds;  tallow,  130  pounds; 
chloride  of  magnesium,  20  gallons;  muriate  of  zinc,  10  gal- 
lons; soda,  10  pounds;  aniline  blue,  i  ounce. 

For  a  mixing  that  will  give  from  150  to  200  per  cent*  on 
the  warp  the  following  materials  should  be  used:  Wheat 
flour,  560  pounds;  china  clay,  1,600  pounds;  tallow,  1,600 
pounds;  soap,  20  pounds;  soda,  30  pounds;  chloride  of 
magnesium,  40  gallons;  muriate  of  zinc,  20  gallons;  aniline 
blue,  i  ounce.  In  this  latter  case  barely  sufficient  water  to 
liquefy  the  mixture  would  be  used.  The  water  in  which  the 
flour  has  been  steeped,  together  with  the  chloride  of  magne- 
sium and  the  muriate  of  zinc,  probably  would  not  exceed 
100  gallons  in  all. 

In  making  a  heavy  size  mixing,  a  different  method  is 
employed  than  in  making  pure  size  mixing.  The  wheat  flour 
is  sometimes  steeped  alone  for  3  weeks,  at  the  end  of  which 
time  the  muriate  of  zinc  is  added  to  it,  together  with  the 
soda,  and  the  mixture  heated.  The  clay,  tallow,  and  other 
ingredients  are  mixed  separately  in  the  size  kettle  and 
boiled,  after  which  the  two  compounds  are  mixed  together 
and  boiled.  

DRAWING  IN  AND  REEDING 

44.  After  the  warp  yarn  has  been  slashed  and  wound  on 
the  loom  beam,  it  must  be  taken  to  the  drawing-in  frame  and 
the  ends  drawn  through  the  heddles  of  the  loom  harnesses 
and  then  through  the  reed.  After  these  operations  are  com- 
pleted the  warp  is  ready  to  be  placed  in  the  loom  and  woven. 

45.  Harnesses. — The  harnesses  employed  in  weaving 
cotton  cloth  are  of  two  kinds — those  with  wire  heddles  and 
those  made  from  cotton.  A  view  of  a  harness  with  wire 
heddles  is  shown  in  Fig.  16  (a),  an  enlarged  view  of  the 
heddle  being  shown  in  Fig.  16  {d).  The  harness,  as  shown 
in  this  fij^ure,  consists  of  a  wooden  frame  to  the  end  pieces 
of  which  are  attached  two  steel  heddle  bars  Ut  on  which  the 
wire  heddles  are  strung.  These  bars  are  usually  fastened  at 
one  end  by  means  of    threaded  stretcher  hooks  and  nuts. 
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while  at  the  other  end  they  pass  through  slots  in  the  harness 
frame  and  are  secured  by  hooks  that  engage  with  holes  in 
them.  Hooks  a,  are  also  inserted  in  the  frame  to  support 
and  stiffen  the  heddle  bars.  The  wire  heddles,  Fig.  16  (^), 
are  twisted  from  wire,  and  in  addition  to  the  eyes  required 
at  each  end  for  the  purpose  of  threading  them  on  the 
heddle  bars,  they  also  contain  an  eye  at  the  center,  through 
which  a  warp  end  is  drawn. 

Cotton  harnesses,  which  are  employed  largely  in  weaving 
plain  cloth,  are  made  by  knitting  together  a  large  number 
of  cotton  threads  in  such  a  manner  that  two  series  of  loops 
will  be  formed,  one  at  the  bottom  and  one  at  the  top.  Wooden 
rods  are  passed  through  these  loops  and  the  cotton  threads 
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fastened  to  them.  The  twine,  which  takes  the  place  of  the 
wire  heddles,  also  contains  an  eye  at  the  center,  through  which 
an  end  of  the  warp  is  drawn.  The  harness  twines  from  top  to 
bottom,  including  the  eye,  are  from  about  10  to  13  inches  in 
length;  the  eye  is  usually  about  i  inch  deep  for  weaving  cotton 
goods.  In  order  to  make  cotton  harnesses  capable  of  with- 
standing the  friction  of  the  weaving  process,  it  is  necessary 
to  size  and  varnish  them;  this  produces  a  hard,  smooth  sur- 
face and  if  well  done  leaves  a  pliable  harness  twine.  Faulty 
vamisliing  will  show  itself  in  several  ways:  the  twine  may 
be  swollen,  or  the  eyes  closed  or  turned  sidewise  to  the  direc- 
tion of  the  warp  instead  of  being  open  and  facing  the  yarn; 
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the  eyes  may  be  rough;  or  lumps  of  sbe  and  varnish  may  be 
left  in  them,  thus  causing  the  twine  to  decay  quickly  or  be 
stiff  or  sticky.  When  usin^  harnesses  with  wire  heddles,  ai 
many  heddles  as  are  required  to  make  the  cloth  desired  may 
readily  be  placed  on  each  harness,  since  these  heddles  are 
easily  takeu  off  or  put  on  the  heddle  bars;  whereas,  the  cotton 
harness  cannot  be  changed,  and  when  made  to  weave  a  cloth 
cootaining  a  certain  number  of  ends  per  inch  must  always  be 
used  for  that  sley  of  cloth* 

The  smallest  number  of  harnesses  that  can  be  employed  t 
produce  a  woven  fabric  is  2;  while  in  some  cases  as  many 
as  36  are  used.  These  harnesses  when  placed  in  the  loom 
are  attached  to  a  mechanism  that  raises  and  lowers  them. 
some  of  the  harnesses  being  up,  while  others  are  down.  In 
this  manner  a  division  of  the  warp  is  made,  technically  known 
as  a  s/mi,  through  which  the  filling  is  passed,  thus  producing  an 
interlacing  of  the  warp  ends  with  the  filling  and  forming  cloth. 
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46,     l>rawiiiif-Iii  Frame* — Fig.  17  gives  a  view  of  a^ 

drawtng*in  frame  with  the  loom  beam,  warp  yarn,  and  har- 
nesses in  position  for  drawing  in  the  ends.     The  dra wing-in 
frame  consists  of  two  stands  ^,  a,  connected  by  rodh  a,,     Thej 
loom  beam  when  placed  in  the  dra wing-in  frame  rests  in  the 
supports  ff,,  while  the  w^arp  is  passed  over  the  upper  rods  < 
and  hangs  in  front  of  the  frame.     Two  rods  a*  that  are  sup 
ported  by  the  upper  rods  connecting  the  two  stands  of  the 
frame  serve  to  hold  the  harnesses  directly  in  front  of  the  w* 
ends*     The  operation  of  drawing  in  the  warp  is  as  follow^stl 
The  order   in  which   the   ends    are    to  be  drawn    through] 
the   harnesses   is   usually    indicated    by  a    draft   made   bj 
the  designer.     Fig*   18  shows  such  a  draft*     The  horizon-' 
tal    rows    of    squares    represent    the    harnesses,    the    draft 
being   made  in  this  case    for  a  warp  that  's  to  be  drawn 
in  on  8  harnesses,  while  the  vertical  rows  of  squares  indi* 
cate  the  warp  ends,  the   figures   in  these  vertical  row^s  of 
squares  showing  through  which  harness  each  end  is  to  be 
drawn.     In  drawing  in,  the  operator  commences  at  the  righl 
of  the  warp  and  of  the  harness  frames,  drawing  the  first  end 
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of  the  warp  through  the  harness  indicated  on  the  first  verti- 
cal row  of  squares  at  the  right  of  the  drawing-in  draft.  Thus, 
with  the  draft  shown  in  Fig.  18,  the  first  warp  end  at  the  right 
is  drawn  through  the  eighth  harness,  the  next  end  through  the 
seventh  harness,  the  next  end  through  the  sixth  harness,  the 


Fig  it 


next  through  the  fifth  harness,  the  next  through  the  eighth 
harness,  and  so  on  until  all  the  ends  indicated  on  the  draft 
have  been  drawn  in,  when  the  operation  is  repeated  a  suffi- 
cient number  of  times  to  draw  in  the  entire  warp.  When  a 
number  of  the  ends  have  been  drawn  through  the  heddles  the 
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drawer-in  divides  them  into  two  bunches  and  ties  them  in 
a  half  knot  in  front  of  the  heddles,  so  as  to  prevent  the 
ends  from  being  accidently  pulled  out. 
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Fig.  18 


In  drawing  in  the  warp  ends  a  hook,  known  as  a  drawing-in 
hook^  shown  in  Fig.  19,  is  used.  Its  blade  is  passed  through 
the  heddle  eye  and  the  slot  at  the  end  engaged  with  a  warp 
end.  As  the  hook  is  withdrawn  the  end  is  brought  with  it 
and  thus  passed  through  the  eye  of  the  heddle.  In  drawing 
in  warps,  the  operator  should  take  the  ends  in  as  nearly  as 
possible  the  same  order  that  they  are  laid  on  the  beam,  since 
if  this  is  not  done  the  ends  will  be  badly  crossed  and  will 


Fig.  19 

cause  serious  trouble  at  the  loom.  To  facilitate  the  ends 
being  taken  in  their  correct  order,  the  comb,  Fig.  15,  that  is 
placed  on  the  warp  as  the  loom  beam  is  taken  from  the  slasher 
is  used,  as  shown  at  ^5,  Fig.  17.  This  comb  keeps  the  ends 
in  their  original  order  during  the  time  that  the  loom  beam 
is  being  handled  between  the  slasher  and  drawing-in  frame, 
and  also  aids  the  operator  in  selecting  the  ends  when  draw- 
ing them  through  the  harnesses. 

47.  KecHllnp:. — After  the  warp  ends  have  been  drawn 
through  the  harnesses  it  is  necessary  to  draw  them  through 
the  reed,  an  illustration  of  which  is  given  in  Fig.  20.  Reeds 
arc  made  by  inserting  narrow  flat  strips  of  steel,  known  as 
splits,  between  the  top  and  bottom  ribs,  the  splits  being 
firmly  secured  to  the  ribs  by  means  of  tarred  string  thai 
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passes  around  the  ribs  and  is  inserted  between  the  splits. 
The  space  between  two  consecutive  splits  of  the  reed  is 
known  as  a  dent,  and  the  number  of  these  dents  in  an  inch 
determines  the  fineness  of  the  reed.  The  length  of  the 
splits,  measured  between  the  ribs, 
is  governed  by  the  class  of  fabric 
to  be  woven  and  the  kind  of  loom 
in  which  it  is  to  be  woven;  a  space 
of  3 a  inches  is  about  right  for  cot- 
ton looms.  In  drawing  the  ends 
through  the  reed,  a  hook  known 
as  a  reed  hook,  shown  in  Fig.  21, 
is  used.  This  hook  is  passed 
through  a  dent  of  the  reed  and  a 
number  of  ends,  depending  on 
the  number  of  ends  to  be  drawn 
through  this  particular  dent,  are 
engaged  and  drawn  through  the 
reed  as  the  hook  is  withdrawn. 
The  hook  is  then  inserted  in  the 
next  dent  and  the  ends  drawn  in  in  a  similar  manner.  The 
number  of  ends  drawn  through  a  dent  of  the  reed  will  vary 
in  different  cases,  and  even  in  the  same  warp  the  reeding 
particulars  may  call  for  a  different  number  of  ends  in  different 
dents.     In  any  case,  however,  the  ends  must  be  taken  in 
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the  order  in  which  they  come  from  the  harnesHes,  ho  that 
they  will  not  be  crossed.  When  reeding  the  warp  endn  the 
operator  works  from  right  to  left  in  the  same  manner  an  when 
drawing  the  ends  through  the  harnesses,  and  alno  ties  the 
warp  in  half  knots  in  front  of  the  reed  to  prevent  the  cnd» 
being  pulled  out  of  the  reed. 
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TWISTING    IN 

48.  After  a  warp  has  been  nearly  woven  out  in  the  loom, 
if  the  new  warp  that  is  to  replace  it  has  the  same  number  of 
ends  and  is  to  be  woven  with  the  same  drawing-in  draft,  con- 
siderable time  and  labor  may  be  saved  by  twisting  It  iii. 
When  twisting  in  can  be  conveniently  performed  in  the  loom, 
the  new  warp  is  placed  in  stands  back  of  the  loom  and  the 
ends  twisted  to  those  of  the  old  warp.  This  is  done  by  taking, 
with  the  right  hand,  one  thread  from  each  of  the  two  warps 
in  the  proper  order  and  after  laying  their  ends  together 
turning  them  around  each  other  with  the  left  hand  in  such  a 
direction  as  to  remove  their  twist,  after  which  the  two  ends 
are  jointly  bent  back  and  twisted  firmly  aroimd  that  one  of 
the  two  threads  that  belongs  to  the  new  warp.  Each  end  of 
the  new  warp  is  twisted  to  the  corresponding  end  of  the  old 
warp  in  this  manner,  and  the  new  warp  is  then  carefully 
drawn  through  the  harnesses  and  reed.  While  this  method 
of  uniting  the  ends  is  not  strong  enough  for  weaving,  it  is 
strong  enough  to  enable  the  new  warp  to  be  drawn  through 
the  harnesses  and  reed  without  difficulty  if  care  is  taken. 
When  twisting  in,  the  operative  generally  dips  his  fingers  in 
whiting  and  oil,  in  order  to  enable  the  threads  to  be  more 
firmly  secured  to  each  other,  and  also  to  prevent  the  ends 
from  cutting  his  fingers. 

49,  Twlstlii^-In  Frame. — When  it  is  not  convenient 
to  twist  in  the  new  warp  in  the  loom,  a  frame  purposely  con- 
structed must  be  provided  for  this  purpose.  This  frame, 
Fig.  22,  consists  of  stands  a  for  supporting  the  warp  beam  r, 
a  stand  b  for  carrying  the  harnesses  d,  and  the  reed  ^,  which 
is  usually  tied  to  the  harnesses  to  hold  it  securely  in  place. 
After  a  lease  /  has  been  taken,  the  old  warp  is  cut  out  of  the 
loom  with  a  small  piece  of  the  woven  cloth  attached.  This 
cloth  is  secured  to  a  drum  b^  by  means  of  pins  b^\  a  ratchet  ^i^ 
and  pawl  x^  prevent  this  drum  from  turning  and  slackening 
the  warp  while  it  is  being  twisted  in.  The  new  warp,  having 
a  lease  at  X'  (or  more  commonly,  in  the  case  of  cotton  waq^s, 
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a  comb),  is  placed  in  its  stands  and  each  end  twisted  to  an 
end  of  the  old  warp  at  m;  a  strap  Ut  and  weight  a.  prevent 
the  beam  from  turning  and  slackening  the  warp  while  twisting 
it  in.    After  all  the  warp  is  twisted,  the  friction  is  taken  oflE 


Fig.  22 


the  beam  and  the  drum  dt  rotated  until  the  new  warp  is  drawn 
through  the  harnesses  and  reed,  after  which  the  old  warp  is 
broken  away.  The  ends  of  the  new  warp  may  now  be  knotted 
loosely  in  front  of  the  reed  and  the  warp  placed  in  the  loom. 


CHAIN  WARPING 

(PART  1) 


INTRODUCTION 

1.  The  processes  intervening  between  the  spinning  and 
the  weaving,  in  ordinary  branches  of  cotton  manufacturing, 
in  order  to  prepare  the  warp  yarn  for  the  loom  are:  spooling, 
where  the  yarn  from  the  cop  or  bobbin  is  placed  on  spools; 
beam  warping,  where  the  yarn  is  put  up  on  section  beams;  and 
slashing,  where  the  yarn  is  placed  on  loom  beams.  By  far 
the  larger  proportion  of  cotton  warps  are  made  in  this 
manner,  especially  where  the  yarn  is  both  spun  and  woven 
by  the  same  firm,  and  for  goods  that  are  woven  from  warps 
that  are  not  bleached,  dyed,  printed,  or  otherwise  treated. 
Where  yarn  mills  produce  warps  for  sale,  and  in  those  mills 
where  yam  is  both  spun  and  woven,  but  where  it  is  the  prac- 
tice to  bleach,  dye,  print,  or  otherwise  treat  the  warp  yarn, 
an  entirely  diflEerent  system  of  making  warps  is  generally 
used,  known  as  chain  warping, 

A  chain  consists  of  a  large  number  of  ends  of  yarn,  either 
single  or  ply,  gathered  together  so  as  to  form  a  loose, 
untwisted  rope  of  yarn  of  considerable  length.  Each  end  in 
the  chain  is  of  the  same  length,  but  chains  may  be  made  of 
various  lengths.  As  this  form  offers,  without  damage,  facili- 
ties for  transportation  that  are  not  possible  in  the  beam- 
warping  system,  besides  being  more  convenient  and  less 
expensive  with  regard  to  freight,  it  is  the  method  favored  by 
mills  producing  warps  for  sale.  As  it  is  also  the  most  con- 
venient form  in  which  to  bleach,  dye,  and  otherwise  treat 
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yam,  it  is  the  most  suitable  way  in  which  mills  using  colored 
warps  can  purchase  their  warp  yarn  or  make  their  own  warps, 
as  the  case  may  be.  The  makers  of  ginghams  and  other 
colored  goods  frequently  dye  and  otherwise  treat  their  filling 
yams  in  the  chain  form,  which  form  is  also  suited  to  th^ 
requirements  of  makers  of  cotton  driving  ropes  and  of  som* 
other  branches  of  textile  work. 
For  these  reasons  chain  warping 
has  increased  in  recent  years. 


2.  Chains  may  be  put  up  in 
bags  or  they  may  be  balled  or 
linked.  When,  after  warping,  the 
chain  is  coiled  into  a  round  or  cylin- 
drical form,  it  is  spoken  of  as  a  ball; 
this  is  the  most  common  method  of 
putting  up  chains  for  transporta- 
tion. A  linked  chain  is  one  that 
has  been  arranged  to  resemble  the 
links  of  a  chain,  thus  shortening  its 
length,  decreasing  the  risk  of  dam- 
age in  transportation,  and  affording 
facilities  for  its  suitable  handling 
at  future  processes.  Three  styles 
of  balls  are  shown  in  Fig.  1  (a), 
(^),  and  (r),  and  two  styles  of 
linked  chains  in  Fig.  2(a)  and  (d). 
The  word  chain  is  the  correct 
name  for  all  yam — whether  warp 
or  filling,  balled  or  linked — made  by  the  processes  of 
warping  described  in  this  Section.  The  word  chain  is  some- 
times misinterpreted,  due  to  the  fact  that  some  people 
consider  the  term  to  apply  only  to  that  form  of  chain  that  is 
linked  and  not  to  the  balled  form.  The  term,  however,  may 
be  properly  applied  to  either  form.  Since  the  yarn  of  which 
chains  are  made  is  generally  warp  yam,  it  is  common  to 
speak  of  chains  as  warps,  as  for  example  ball  warps,  linked 
warps,  etc.;  but  this  term  is  not  sufficiently  comprehensive, 
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since  filling  yam  is  sometimes  put  up  in  chains,  to  which 
the  word  warp  cannot  correctly  be  applied.  It  also  tends 
to  confusion,  since  the  word  warp  is  also  applicable  to 
the  beamed  form  of  yam.  Therefore,  in  this  Section,  the 
word  chain  will  be  used  as  a  comprehensive  term  cover- 
ing the  product  of  the  various  processes  and  machines  for 
warping  herein  mentioned. 

3.  Short-  and  liOn^-Clialu  Systems. — Two  systems 
of  making  chains  are  in  use,  known  as  the  short-cliain  sys- 
tem and  the  lon^-chaln  system.  The  short-chain  system 
is  the  older  method  and  its  use  is  confined  almost  entirely  to 
yarns  intended  for  the  warp  of  a  fabric.  The  long-chain 
system  is  more  generally  used  at  the  present  time  for 
warp  yarns  and  is  almost  exclusively  used  for  filling  yams 
that  are  chained. 

The  difference  between  these  systems  is  partly  indicated 
by  their  names;  the  short-chain  system  is  used  for  warps  of 
a  limited  length,  usually  only  sufficient  to  fill  one  loom  beam, 
which  is  generally  less  than  1,000  yards,  although  sometimes 
slightly  greater  than  this;  the  long-chain  system  is  used  for 
making  chains  of  much  greater  length,  sometimes  as  long  as 
10,000  yards,  or  even  more.  The  treatment  of  the  yarn,  how- 
ever, is  also  somewhat  different  in  the  two  systems.  The 
operations  from  the  spinning  or  the  twisting  frame  to  the 
completed  loom  beam  in  the  short-chain  system  are: 
(1)  spooling;  (2)  chain  warping;  (3)  bleaching,  dyeing, 
or  otherwise  treating  the  yarn;  (4)  sizing;  (5)  beaming  to 
the  loom  beam;  (6)  drawing-in.  This  system  is  seldom 
used  for  filling  yarns,  so  that  its  consideration  for  this 
purpose  will  be  ignored. 

The  long-chain  system  when  used  for  warp  yarns  con- 
sists of  the  following  sequence  of  processes  from  the 
spinning  or  the  twisting  frame  to  the  completed  loom  beam: 
(1)  spooling;  (2)  chain  warping;  (8)  bleaching,  dyeing, 
or  otherwise  treating  the  yarn;  (4)  beaming  to  section 
beams;  (5)  slashing  to  loom  beams;  (6)  drawing-in.  The 
sequence   of   processes   for  the  treatment  of  filling  yarn  in 
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the  long-chain  system  after  the  spinning  process  is  as 
follows:  (1)  spooling;  (2)  chain- warping;  (3)  bleaching, 
dyeing,  printing,  or  otherwise  treating  the  yarn;  (4)  quilling 
on  the  long-chain  quiller. 

For  special  purposes  either  of  these  systems  may  be 
slightly  modified,  according  to  the  requirements  of  the 
mill  in  which  the  yarn  is  treated  or  for  special  styles  of 
goods,  but  the  processes  given  are  those  generally  used. 
This  aflEords  a  ready  method  of  classifying  the  systems  and 
indicating  the  diflEerences  between  them.  In  either  system, 
minor  differences  may  also  exist  in  the  warping  process — 
for  example,  the  chain  may  be  made  on  different  styles  of 
warpers — or  the  methods  of  beaming  may  vary  without 
affecting  the  general  division  of  the  processes  into  long- 
and  short-chain  systems. 

4,  Spooling. — The  spooling  process  is  usually  the  same 
whether  the  yarn  that  is  to  be  made  into  a  chain  is  warp  or 
filling,  and  whether  the  process  is  the  long-  or  the  short- 
chain  system.  The  spooler  generally  used  is  the  ordinary 
construction  of  an  upright-spindle  spooler,  which  takes  the 
yam  from  a  mule  cop  or  spinning  bobbin  and  places  it  on  a 
double-headed  spool.  It  is  possible,  and  in  some  cases  is 
customary,  to  use  quick-traverse  cross-winding  machines  for 
the  same  purpose,  in  which  case  the  yam  is  built  up  in 
cylindrical  form  on  a  parallel  tube  without  heads.  This 
machine,  however,  is  not  used  so  frequently  in  the  long-  or 
short-chain  systems  as  the  ordinary  spooler. 


CUTS    AND     liEASES 


CUT    MARKS 

5.  As  chains  are  made  in  various  ways,  according  to  the 
purpose  for  which  they  are  intended,  a  knowledge  of  the  uses 
of  chains  and  of  the  later  processes  necessary  to  convert 
them  into  suitable  form  for  use,  either  as  warp  or  filling,  is 
advantageous,  either  as  a  preparation  to  the  study  of  chain 
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warping  or  to  those  who  have  charge  of  chain-warping  work, 
since   a   knowledge   of   the   reasons  for  making  chains  in 
certain  ways  increases  the  possibility  of  producing  suitable 
chains   intelligently.     The    chief    particulars    required   for 
making  a  chain  warp  are  the  coimts  of  the  yam.  the  total 
length  of  the  chain,  and  the  number  of  ends  in  the  chain; 
these,  of  course,  are  essential  irrespective  of  other  informa- 
tion.   Other  particulars  required  under  certain  circumstances 
are  the  number  of  cuts  or  leases  in  each  chain  and  the  kind 
of  leases  to  be  taken. 

Information  regarding  the  number  and  length  of  cuts  is 
only  necessary  in  the  case  of  short  chains  of  warp  yam. 
Cloth  is  woven  in  cuts,  which  should  be  of  the  same  length 
when  for  one  style  of  cloth.  To  indicate  to  the  weaver  when 
a  cut  of  the  desired  length  has  been  woven,  it  is  customary 
to  mark  the  warp  in  some  way.  In  the  case  of  slashed  warps 
made  by  the  ordinary  system  of  warp  preparation,  this  is 
done  by  a  marking  motion  in  the  slasher,  which  makes  a 
slight  impression  of  coloring  matter  at  the  completion  of 
each  cut;  but  as  short-chain  warps  do  not  pass  through  a 
slasher,  being  dressed,  or  beamed,  to  a  loom  beam  after 
having  been  bleached  or  dyed  and  sized,  it  is  necessary  that 
the  cuts  be  marked  as  the  chain  is  made.  Since  chain  warps 
are  dyed,  bleached,  or  otherwise  treated,  it  would  not  be 
satisfactory  to  mark  the  cuts  with  coloring  matter,  such  as 
colored  chalk,  for  the  marks  would  wash  or  bleach  out  or  be 
obliterated  in  the  dyeing  process.  It  is  customary,  there- 
fore, for  the  operator  to  tie  a  loose  band  of  twine  around  or 
through  the  chain  at  the  proper  places.  These  bands  pass 
through  the  dyeing  and  other  processes  without  being 
removed  until  the  yarn  arrives  at  the  beaming  process,  when 
as  the  end  of  each  cut  is  reached,  this  cut-marking  thread  is 
removed  and  a  fresh  mark  made  in  such  a  way  that  it  will  be 
recognized  by  the  weaver — either  by  the  use  of  coloring 
matter  or  otherwise. 

Cut  marks  are  not  necessary  in  the  case  of  long  chains  of 
warp  yarn,  since  these  ch*ains  arc  afterwards  beamed  to  a 
section   beam   and   then  run   through   the   slasher,  which  is 
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provided  with  an  arrangement  for  automatically  placing 
colored  marks  on  the  warp  at  the  completion  of  each  cut. 
Neither  are  cut  marks  necessary  for  long  chains  of  filling 
yam,  since  this  is  afterwards  quilled  to  shuttle  bobbins, 
where  marks  of  any  kind  would,  of  course,  be  undesirable. 


LEASES 

6.  In  the  ordinary  system  of  warp  preparation,  where  the 
warp  yarn,  after  spooling,  is  passed  through  the  operations 
of  beam  warping  and  slashing,  the  ends  forming  the  warp 
pass  in  a  level,  even  sheet  through  these  processes,  maintain- 
ing their  position  with  relation  to  one  another  until  they 
arrive  at  the  loom  beam,  whence  they  can  be  woven  off, 
without  entanglement,  in  a  smooth,  level  sheet.  It  is 
quite  diflEerent  with  chain  warps,  which  are  formed  by 
collecting  the  ends  into  a  loose  rope,  or  strand,  of  yam. 
As  the  chain  subsequently  is  passed  through  some  such 
process  as  bleaching,  dyeing,  sizing,  etc.,  it  would  be 
very  difficult,  if  not  impossible,  to  separate  the  ends  after- 
wards so  as  to  use  them  for  warp  or  filling,  unless  some 
means  were  adopted  for  grouping  the  ends  at  intervals. 
This  is  accomplished  by  inserting  what  are  called  leases. 
(The  word  is  sometimes  spelled  leese^  but  lease  is  the 
preferred  form.) 

An  essential  feature  of  all  modern  methods  of  making 
chains  is  to  arrange  the  ends  in  a  level,  even  sheet  before 
condensing,  or  grouping,  them  in  the  form  of  a  chain.  A 
lease  is  formed  by  dividing  this  sheet  of  yam,  while  it  is 
spread  out  widely  and  evenly,  into  a  certain  number  of  equal 
parts  by  means  of  bands  of  twine,  so  that  although  the  ends 
are  afterwards  condensed  into  a  loose  rope  and  passed 
through  a  converting  process,  the  yarn  may  be  opened  by 
means  of  the  bands  and  laid  in  a  sheet  with  the  ends  approx- 
imately in  the  same  position,  with  relation  to  one  another,  as 
they  were  during  the  earlier  part  of  the  warping  process. 
The  yam  can  then  be  placed  on  the  loom  beam  or  section 
beam  or  quilled  without  any  excessive  entanglement  of  yam 
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were  in  the  top  of  the  first  shed  in  the  bottom  of  this 
shed  and  vice  versa.  Another  band  is  passed  through 
this  second  opening  and  the  ends  of  the  two  lease  bands 
tied,  thus  providing  a  means  of  maintaining  the  lease 
throughout  the  succeeding  processes  to  which  ^  the  warp 
may  be  subjected.  In  taking  a  thread  lease,  the  warp  is 
separated  into  two  equal  portions. 

8.  Pin  licasie. — A  pin  lease  differs  from  a  thread  lease 
in  being  composed  of  larger  groups;  the  warp  instead  of 
T)eing  separated  at  every  alternate  end  is  separated  into 
alternate  groups  of  2,  3,  4,  or  any  desired  small  number  of 
«nds.  Pin  leases  are  commonly  taken  in  groups  of  4;  in  this 
case  the  ends  in  the  warp  are  separated  so  as  to  form  a 
shed  with  the  first  4  ends  down,  the  next  4  ends  up,  the 
third  group  of  4  ends  down,  and  the  fourth  group  of 
4  ends  up,  and  so  on,  and  a  lease  band  passed  through  this 
shed.  Another  shed  is  then  formed  by  reversing  the  posi- 
tions of  the  ends,  after  which  another  band  is  passed  through 
this  shed  and  the  ends  of  the  two  bands  tied.  A  pin  lease 
is.  sometimes  called  a  half-beer  lease,  or  learner's  lease.  One  of 
the  chief  uses  of  a  pin  lease  is  to  form  a  coarse  division  of 
the  ends  to  facilitate  their  separation  at  the  beaming  process, 
since  it  is  easier  to  separate  the  warp  in  groups  of  4  ends 
or  in  larger  numbers  than  to  separate  each  individual  end. 
The  warp  is  first  passed  through  a  coarse  comb  or  reed 
according  to  the  divisions  of  the  pin  lease,  and  then  through 
a  finer  comb  according  to  the  division,  of  the  thread  lease. 
The  pin  lease  also  gives  facilities  for  splitting  the  warp  into 
sections  after  dyeing  or  bleaching,  in  order  to  make  up  the 
assortment  of  threads  forming  various  patterns  in  the 
warp.  For  instance,  with  a  pin  lease  of  4  ends  and  a 
warp  to  be  woven  in  groups  of  4,  8,  12,  16,  or  more  ends 
of  one  color,  it  is  an  easy  matter  to  select  the  number 
of  ends  required.  A  25-end  pin  lease  is  common  for 
colored  warps,  in  order  that  they  may  be  split  into  multi- 
ples of  25  ends  after  dyeing,  since  as  the  dyed  chain  is 
necessarily  all   one   color,   frequently  portions   of   several 
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chains    of   different   colors    are   used,  to    make    one  warp 
consisting  of  several  different  colors. 

A  pin  lease  when  taken  is  generally  inserted  within  1  or  2 
yards  of  the  bands  that  indicate  the  thread  lease.  Thread 
leases  are  almost  always  taken  at  both  ends  of  a  warp,  pin 
leases  generally  only  at  one  end. 

9.  Other  forms  of  leases  are  sometimes  taken,  one  of 
which  is  spoken  of  as  an  open  lease,  where  two  consecutive 
thread  leases  are  taken,  one  the  reverse  of  the  other,  thus 
leaving  the  warp  open  between  them.  Bunch-knot  leases 
are  formed  at  the  ends  of  each  warp  by  taking  a  hand  lease 
dividing  the  warp  into  five  or  six  approximately  equal 
sections  and  tying  the  ends  of  the  sections  together  where 
the  warp  is  cut  off.  The  bout  is  a  form  of  lease  made  by 
dividing  the  ends  in  the  chain  by  hand  into  groups  equiv- 
alent in  size  to  several  of  the  groups  formed  by  a  pin  lease; 
these  are  kept  separate  by  a  lease  band  in  the  usual  way. 
Chains  are  sometimes  ordered  split  in  the  middle.  This  is 
simply  a  large  bout,  the  chain  being  divided  into  two  equal 
parts  and  kept  separate  by  lease  bands. 

The  open  lease  and  the  bouts  are  seldom  used,  the  most 
common  forms  of  leasing  being  the  thread  lease,  the  pin 
lease,  and  the  bunch-knot  lease.  Where  all  three  of  these 
appear  together  in  a  warp,  the  one  nearest  the  end  of  the 
chain  is  the  bunch  knot,  the  second  from  the  end  is  the 
thread  lease,  and  the  third  the  pin  lease,  but  this  is  not  an 
arbitrary  arrangement,  since  various  combinations  of  leases 
are  made  to  suit  the  requirements  of  customers.  The  num- 
ber of  leases,  the  number  of  ends  forming  the  pin  lease, 
and  the  positions  of  the  leases  in  the  chain  are  specified  by 
the  users  of  chain  warps,  any  reasonable  combination  of 
leases  that  may  be  desired  being  inserted. 

10.  Bands.  — The  cord,  or  band,  used  for  taking  and 
maintaining  the  lease  is  made  of  a  number  of  ends  of  yam, 
usually  l()-ply,  which  are  not  twisted  but  simply  wound 
together.  It  is  a  good  plan  for  each  mill  to  have  its  own 
special  lease  bands;  that   is,  always  to  use  a  band  with  a 
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definite  number  of  ends  or  of  special  construction  so  that  in 
case  of  dispute  the  warps  of  that  mill  can  be  identified  from 
those  of  other  mills,  even  after  having  passed  through  con- 
verting processes. 

Water  bands  are  also  placed  around  chain  warps  when 
called  for.  These  are  merely  loops  of  yarn  tied  around  all 
the  ends  of  the  warp  to  prevent  entanglement  in  boiling  the 
warp  preparatory  to  the  converting  process. 


CONSTRUCTION  OF  CHAIN  WARPERS 


METHODS  OF  CHAIN  WARPING 

11.     Chains    may   be  made  by  five  methods:    (1)    hand 
warpingy  by  means  of  the  creel  and  woof,  which  is  the  oldest 
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method,  and  was  formerly  used  to  a  large  extent  in  connec- 
tion with  hand-loom  weaving  but  is  now  seldom  seen; 
(2)  warping  mills,  sometimes  called  upright  warpers,  circu- 
lar warpers,  or  warping  reels,  an  old  style  of  warping  rapidly 
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passing  into  disuse  and  only  used  for  short  chains  of  warp 
yam,  which  may  be  afterwards  made  into  balls  or  linked 
warps  either  by  hand  or  machine;  (3)  balling  warpers ^  which 
are  common  beam  warpers  with  the  balling  attachment  and 
are  especially  adapted  to  the  making  of  long-chain  warps 
with  less  than  800  ends,  particularly  long  chains  of  filling 
yam  intended  for  quilling;  (4)  Denn  warpers,  which  are 
adapted  for  making  long  or  short  chains  (of  a  small  or  a 
large  number  of  ends)  that  may  be  put  up  either  in  balled  or 
linked  form  by  attachments  on  the  warper  itself;  (5)  Wal- 
cott  warpers,  which  are  used,  to  some  extent,  for  making 
short  chains  with  1,200  ends,  or  less,  that  are  delivered  into 
a  bag  or  other  receptacle  without  being  either  balled  or 
linked,  but  can  afterwards  be  put  up  in  either  form  by  hand 
or  machine. 

HAND  WARPING 

12.  Creel. — The  method  of  hand  warping  requires  the 
use  of  two  wooden  or  iron  frames,  one  called  the  creel  and 
the  other  the  woof.  The  creel  consists  of  a  framework  sup- 
ported on  feet,  as  shown  in  Fig.  3,  the  lower  beam  being 
arranged  to  carry  two  rows  of  skewers,  from  40  to  80  in  a 
row,  that  are  supported  in  holes  drilled  in  the  beam;  on  these 
skewers,  cops  or  bobbins  of  yarn  are  placed.  The  upper 
beam  contains  the  same  number  of  guide  wires  c  as  there  are 
skewers  in  the  lower  beam;  the  yam  passes  through  these 
wires  on  its  way  to  the  woof.  Between  the  upper  and  lower 
beams  are  two  guide  bars  a,  b\  the  ends  from  the  front  row 
of  bobbins  or  cops  pass  behind  the  bar  a,  while  the  ends 
from  the  back  row  pass  behind  the  bar  b.  After  being  passed 
through  the  guides,  the  ends  are  gathered  together,  loosely, 
by  hand,  thus  forming  a  continuous  strand  of  as  many  ends 
as  there  are  cops  or  bobbins  on  the  skewers  in  the  creel. 

13.  The  y^oot  is  a  rectangular  framework,  usually  secured 
to  a  wall,  consisting  of  two  vertical  and  two  horizontal  rails, 
as  shown  in  Fig.  4.  Each  vertical  rail  contains  from  ten  to 
twenty  holes  to  receive  pegs.     The  vertical  rails  must  be 
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exactly  alike  as  to  the  number  and  spacing:  of  the  holes,  with 
opposite  holes  the  same  distance  apart,  usually  10  feet,  in 
every  case.  In  each  horizontal  rail,  holes  for  two  additional 
pegs  are  also  provided.  The  creel  is  movable  and  is  placed  a 
few  feet  from  the  woof  and  at  an  angle  with  it. 

14.  Method  of  Making  Warps. — In  making  a  warp, 
the  warper  tender  first  ties  the  ends  together  and  slips  them 
over  the  peg  a;  he  then  selects  the  ends  from  the  creel  in 
their  proper  order,  but  first  makes  a  lease  by  passing  the 
first  end  over  the  thumb  and  under  the  forefinger  of  the  right 
hand,  the  next  end  under  the  thumb  and  over  the  forefinger, 
etc.,  in  this  manner  separating  the  even-numbered  from  the 
odd-numbered  ends.  After  the  lease  is  made,  it  is  passed 
over  pegs  ^,  c  in  the  same  manner  that  it  was  passed  around 
the  thumb  and  forefinger;  as  these  pegs  serve  to  hold  the  lease 
of  the  warp,  they  are  termed  Icasg  pegs.  All  the  yarn  is  then 
passed  around  the  pegs  g,  until  it  comes  to  the  pegs  d,  e; 
here  it  passes  under  the  peg  e^  over  the  peg  d,  then  around  /, 
back  under  the  peg  dy  and  over  the  peg  ^.  By  this  means 
another  lease  is  formed,  of  sections  containing  a  greater 
number  of  threads  than  in  the  case  of  the  pegs  ^,  c,  which 
separated  the  yarn  thread  by  thread.  From  the  peg  e,  the 
yarn  passes  back  around  the  pegs  ^  in  reverse  order  until  it 
reaches  the  pegs  ^,  r ,  where  a  lease  is  again  formed  and  the 
ends  then  knotted  around  a  and  cut. 

The  manner  in  which  the  warp  yarn  is  wound  around  the 
pegs  places  twice  as  many  ends  on  the  woof  as  are  taken 
from  the  creel  each  time  that  the  yarn  is  passed  back  and 
forth,  since  it  commences  and  ends  at  the  same  point.  The 
length  of  the  warp  is  governed  by  the  number  of  pegs  that 
are  used;  for  instance,  if  there  was  the  usual  distance  of 
10  feet  between  the  vertical  rails  of  the  woof  and  the  w^arp 
was  required  to  have  480  ends  and  be  100  yards  long,  it 
would  be  passed  across  the  frame  thirty  times  (30  X  10  feet 
=  1500  feet  =  100  yards),  necessitating  the  use  of  thirtj^-one 
pegs  in  the  vertical  rails.  If  120  ends  were  taken  from  the 
creel  for  this  warp,  four  layers  would  have  to  be  placed  on 
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the  woof;  that  is,  the  yam  would  be  passed  from  a  io  f  and 
back  to  a,  where  it  would  be  tied  and  cut  and  the  operation 
then  repeated  once.  This  system  of  hand  warping  is  now 
entirely  out  of  date,  except  for  making  warps  for  hand  looms 
or  small  pattern  warps  in  designing  rooms  or  textile  schools. 


WARPING  MlliliS 

15.  A  -warping  mill,  Fig.  5,  consists  mainly  of  a  large 
circular  reel  made  either  10, 12, 14,  16,  18,  20,  22,  or  25  yards 
in  circumference,  a  heck,  and  a  curved  creel.  The  term  ;///// 
is  frequently  applied  to  the  reel  alone,  as  this  is  the  main  part 
of  the  warper.  It  is  constructed  around  a  vertical  shaft  a  that 
is  supported  in  a  footstep  secured  to  the  floor,  and  revolves  in 
a  bearing «!  attached  by  braces  to  the  ceiling  of  the  room 
or  other  suitable  support.  Around  the  circumference  of 
the  mill  vertical  rods  a^.a^.a^  are  secured.  The  rods^,,^/* 
are  shown  carrying  cross-pieces,  or  clamps,  by  b,  in  each  of 
which  are  inserted  two  pegs  ^„  to  which  the  ends  of  the 
chain  can  be  secured.  The  vertical  rods  are  supported  from 
the  central  shaft  by  a  stayed  rigid  framework,  so  that  the 
reel  may  revolve  truly,  the  bottom  of  the  rods  clearing 
the  floor  sufficiently  to  allow  the  driving  belt  to  pass 
underneath  the  mill. 

The  mill  may  be  driven  by  hand  or  power.  The  driving 
head  c  consists  of  a  short,  upright  shaft  r,  on  which  is  a  flanged 
belt  pulley  r,  that  carries  a  belt  r,  that  also  passes  around 
another  flanged  pulley  a^  at  the  lower  end  of  the  central 
shaft  a  of  the  reel.  By  turning  the  handle  c^  that  is  attached 
to  the  shaft  r,,  the  reel  may  \hi  driven  in  cither  direction  by 
hand.  The  arrangement  for  driving  by  power  consistH  of  a 
horizontal  shaft  r.  that  carries  two  clutch  pulU:ys  z*,^,,  v/hi^h 
receive  motion  from  the  driving  shafting  of  th^:  room. 
These  pulleys  revolve  loosely  on  the  shaft  and  in  oppo^Jt^ 
directions.  Between  them  is  a  chjtrrh  ?irrang^;fr»'rrit  o\,*'T:ti*"\ 
by  the  handle  r.,  by  whi^h  cith'rr  pnll'ry  may  >/*:  '  u^i'-jfl  to 
drive  the  shafts,.  Thus  the  shaft  m-iv  \f:  'Irivm  in  "iih'-r 
directioD,  according  to  which  puilcy  i%  u^'-A  iot  driving  it,  or 
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the  shaft  may  remain  stationary  and  the  pulleys  revolve 
loosely,  the  position  of  the  handle  c.  controlling  whatever 
motion  is  desired.  As  the  shaft  c^,  is  connected  with  the 
vertical  shaft  Cx  by  means  of  two  bevel  gears,  the  mill  may 
be  driven  in  either  direction. 

16.  The  creel  d  is  curved  and  consists  of  vertical  stand- 
ards slotted  to  receive  the  ends  of  skewers  passing  through 
the  spools  of  yarn.  The  standards  are  maintained  the 
required  distance  from  each  other  by  horizontal  bars,  while 
the  whole  framework  is  attached  to  the  floor  and  also,  by 
suitable  braces,  not  shown  in  Fig.  5,  to  the  ceiling  of  the  room. 

17.  The  ends  of  yarn  from  the  spools  pass  to  the  circu- 
lar reel  through  the  heck  e,  which  is  supported  by  a  heck 
post  Cy  up  and  down,  which  it  slides.  The  heck  consists  of  a 
framework  <?,  with  guide  rods,  between  which  the  yarn  passes 
to  a  number  of  porcelain  tubes  <?„  known  as  pot  eyes,  that 
are  mounted  on  vertical  rods,  on  which  they  can  rotate. 
The  yam  passes  between  the  pot  eyes  in  groups  of  the 
required  number  of  ends  for  a  pin  lease.  Each  end  is  then 
conducted  through  one  of  a  number  of  wire  eyes,  not  shown 
in  the  figure  but  situated  between  the  pot  eyes  and  the  reel; 
one  Jialf  of  these  wire  eyes  are  mounted  on  one  frame,  and 
the  other  half  on  another,  which  arrangement,  since  either 
frame  may  be  raised,  facilitates  the  taking  of  a  thread  lease; 
when  the  lease  is  not  being  taken,  all  the  wire  eyes  are  level. 
From  these  the  yam  passes  to  the  reel,  being  condensed 
into  a  loose  rope  to  form  the  chain  by  passing  through  a 
trumpet-shaped  guide.  The  heck  is  raised  and  lowered  on 
the  heck  post  by  means  of  a  rope  ^«,  one  end  of  which  is 
attached  to  the  heck  at  e^.  The  rope  passes  upwards  around 
the  pulley  ^„  then  downwards  for  a  short  distance  and 
around  a  small  pulley,  and  thence  to  the  shaft  a,  to  which  the 
other  end  is  attached.  As  the  mill  revolves  in  one  direc- 
tion, this  cord  winds  around  the  upper  part  of  the  shaft, 
consequently  drawing  the  heck  up  the  post;  when  the 
mill  revolves  in  the  other  direction,  the  cord  is  unwound, 
which  allows  the  heck  to  fall. 
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18.     Method  of  Making  Warps. — The  upper  clami^      ^ 
and  lower  clamp  b^  are  movable  and  can  be  secured  to  a^^^Y 
two  of  the  vertical  rods,  as  required.     At  the  commencn^e- 
ment  of  a  warp,  the  upper  clamp  b  is  placed  near  the  top      -of 
two  of  the  vertical  rods,  in  case  a  warp  that  will  occupy  tM==ie 
whole  of  the  surface  of  the  mill  is  required;  but  if  a  short  ^r 
warp  is  to  be  made,  the  clamp  is  lowered  as  far  as  is  desire  <^. 
The  mill  is  then  revolved  until  the  heck  is  wound  to  tbi.e 
height  of  this  clamp,  after  which  the  ends,  which  have  previ- 
ously been  passed  through  the  pot  eyes  and  wire  eyes  of 
the  heck,  are  knotted  together  and  passed  around  the  peg's 
in  this  clamp.     The  mill  is  then  revolved  slightly,  by  turn- 
ing the  handle  r*,  until  motion  has  become  sufficiently  accel- 
erated, when  the  handle  r.  is  moved  so  as  to  throw  in  the 
clutch,  which  drives  the  mill  by  power  in  the  required  direction. 
As  the  mill  revolves,  the  chain  of  warp  is  wound  around  it 
in  a  spiral  manner,  because  the  revolution  of  the  central 
shaft  a  uncoils  the  rope  e^y  which  gradually  lowers  the  heck. 

The  motion  of  the  mill  continues  until  as  many  layers  of 
chain  have  been  wound  around  it  as  are  necessary  to  form 
the  total  length  of  warp  desired,  when  the  handle  r.  is  moved 
to  such  a  position  as  prevents  any  motion  being  imparted  to 
the  mill.  The  lower  clamp  b^  is  then  secured  to  two  of  the 
vertical  rods  at  the  lower  end  of  the  chain  and  the  ends  of 
the  warp  passed  around  the  pegs.  After  the  lower  end  of  the 
warp  is  secured,  the  operator  again  turns  the  mill  slowly  by 
hand  and  then  throws  the  handle  r*  in  the  opposite  direction, 
so  as  to  cause  the  mill  to  be  revolved  by  power  in  the  opposite 
direction  to  that  in  which  it  was  moving.  This  places  another 
layer  of  yarn  on  the  previous  one,  because  the  heck  this  time 
is  moved  upwards  by  means  of  the  rope  r*  being  coiled  on 
the  shaft  a.  The  mill  continues  to  revolve  until  the  point  in 
the  upper  part  where  the  chain  was  commenced  is  reached, 
when  the  ends  of  the  warp  yarn  are  again  secured  to  the  pegs 
in  the  clamp  b.  This  completes  one  journey  of  the  mill, 
sometimes  called  one  ,(^an^y  or  bout. 

Up  to  this  point,  the  warp  has  been  made  of  the  required 
length,  but  only  contains  twice  as  many  ends  as  there  are 
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bobbins  in  the  creel.  These  are  so  arranged  that  this 
number  will  be  a  factor  of  the  total  number  of  ends  reciuired 
in  the  warp.  For  instance,  if  1,680  ends  are  required  and 
there  iare  280  ends  in  the  creel,  the  heck  must  move  down 
three  times  and  up  three  times,  making  three  journeys. 

19«  Leases  are  taken  on  the  circular  warper  at  the  heck. 
The  thread  lease  is  taken  by  means  oi  the  two  frames  carry- 
ing the  wire  eyes;  the  odd-numbered  ends  pass  through  the 
eyes  in  one  frame  and  the  even-numbered  through  the  eyes 
in  the  other  frame.  By  raising  each  frame  alternately  two 
sheds  are  formed  and  kept  apart  by  the  first  finger  and  thumb 
of  the  operator  until  the  lease  reaches  the  reel,  when  he 
removes  them  from  his  finger  and  thumb  and  passes  them 
over  the  pegs  b^  of  the  clamp  b  so  that  the  ends  occupy  the 
same  relation  to  each  other  as  when  on  the  first  finger  and 
thumb;  that  is,  the  odd-numbered  ends  pass  over  one  of  the 
pegs  bt  and  under  the  other,  while  the  even-numbered  endn 
pass  under  and  over  in  the  reverse  manner  to  the  odd- 
numbered  ends.  The  pin  lease  is  taken  by  what  is  known  as 
picking  the  lease;  that  is,  the  groups  of  ends  that  are  sepa- 
rated by  the  pot  eyes  are  taken  alternately  first  under  the 
thumb  and  over  the  first  finger  and  then  over  the  thumb  and 
under  the  first  finger,  in  which  order  they  are  placed  on  the 
two  pegs  bt. 

The  length  of  warp  is,  of  course,  determined  by  the  num- 
ber of  revolutions  made  by  the  mill.  If  a  warp  4rX)  yardw 
long  is  to  be  made  on  a  16-yard  mill,  twenty-five  revolution* 
will  be  given  to  the  mill  in  each  direction.  When  an  many 
layers  as  are  necessary  to  give  the  required  m\m\)t'.r  of  end* 
have  been  wound  on  the  mill,  it  is  stopfKjd  and  the  final  leane 
taken,  the  ends  of  the  yarn  connecting  th^!  warp  with  the 
heck  cut  and  tied,  and  the  chain  removed  f;y  hand,  the  of;<?r- 
ator  usually  winding  it  around  his  wrint  in  a  ball  form. 

Circular  warping  mills  arc  not  now  uvrd  to  any  gr^at 
extent,  the  objections  to  the  %ysU:m  luring  it^^  crtuUzfi*:".".,  i\i*: 
large  amount  of  f\fXjT  npace  f><J:x\\fw\,  and  xhf,  nrf.;ill  pro^*'.' • 
tion,  as  compared  with  more  mofinru  ny%tf:tfi%  of  wurifiriZ- 
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There  is  also  a  defect  in  all  warps  made  on  this  principle, 
especially  those  of  any  bulk,  owing  to  the  fact  that  the  outer 
layers  of  yam  are  longer  than  the  inner  layers,  which  causes 
the  ends  that  were  warped  last  to  be  slacker  in  the  warp  in 
the  loom  than  those  wound  on  first. 


BAIiliING  WARPERS 


CREEL.    AND    WARPER    FRABIE 

20.  The  ordinary  section-beam  warper  used  in  the  regular 
cotton-warp-preparation  system  for  making  section  beams  is 
so  constructed  that  it  can  also  be  used  in  connection  with  a 
balling  attachment  placed  in  front  of  it  for  making  ball  warps. 
When  a  balling  warper  is  intended  only  for  making  balls  it 
is  constructed  in  many  respects  like  the  common  section- 
beam  warper,  but  without  those  parts  of  the  mechanism 
necessary  in  making  a  beam.  A  ballliiijc  warper  suitable 
for  making  balls  only  is  shown  in  Fig.  6,  and  consists  of 
the  creel  a,  the  warper  proper,  or  warper  frame,  b,  and  the 
balling  attachment  c, 

21.  Passage  of  tlie  Yarn. — The  yarn  passes  from  the 
creel  a  through  the  various  parts  of  the  warper  proper  by 
including  the  reed  b^,  over  the  front  roll  bt  to  the  guide  fork  Cx 
and  around  the  return  wheel  ^,.  It  then  passes  through  the 
trumpet  r*  and  is  wound  on  the  wooden  core  e, 

22.  The  creel  a  is  what  is  known  as  a  V-shaped  creel, 
since  it  consists  of  two  sides  similar  in  construction  that  rest 
on  the  floor  in  the  shape  of  a  V,  connected  at  the  end  nearest 
the  warper  and  separated  at  the  rear  end  by  a  distance  of 
about  5  feet.  A  number  of  vertical  standards  a,  are  con- 
nected at  the  top  and  bottom  to  crosspieces,  by  which  they 
are  held  a  sufficient  distance  apart  to  allow  a  spool  to  be 
placed  between  each  pair  of  vertical  standards.  Attached  to 
the  insides  of  the  standards  are  a  sufficient  number  of  iron 
bearings  for  the  spools  required;  sometimes  instead  of 
iron  steps,  recesses  are  cut  in  the  wooden  framework  and 
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porcelain  or  glass  steps  inserted.  The  steps  are  placed  in 
horizontal  rows  and  hold  the  iron  or  wooden  skewers  on  which 
the  spools  are  mounted.  The  V  shape  of  the  creel  permits 
those  ends  from  the  rear  vertical  rows  to  pass  to  the  warper 
without  coming  in  contact  with  the  ends  from  those  vertical 
rows  near  the  front. 

23.  The  wari>er  frame  consists  of  two  upright  stand- 
ards 6i,  62  that  arc  rigidly  attached  by  means  of  rods  and 
support  rolls,  guide  rods,  reeds,  etc.,  which  maintain  the  yam 
in  an  even  horizontal  sheet  until  it  reaches  the  front  roll  k. 
The  guide  fork  Ci  that  serves  to  condense  the  yam  into  a 
chain  and  the  return  wheel  C2  arc  supported  by  a  stand  c% 
attached  to  the  floor.  The  return  wheel  cz  revolves  freely 
and  serves  merely  as  a  guide  for  the  chain  in  its  passage  to 
the  balling  attachment. 

24.  Loa.sing. — The  kind  of  lease  usually  taken  at  this 
style  warper  is  the  thread  lease,  for  which  it  is  customary  to 
use  a  reed,  as  shown  at  lu.  Fig.  6.  The  reed  for  the  machine 
under  consideration  consists  of  a  foimdation  supporting  a 
number  of  steel  wires,  in  about  the  center  of  each  of  which  is 
an  eye.  The  yam  is  threaded  through  the  drop  wires  of  the 
stop-motion  mechanism  and  then  through  the  reed,  alter- 
nate ends  passing  through  eyes  in  the  steel  wires,  while  the 
other  ends  i)ass  through  the  dents:  that  is,  between  the  w^es. 
When  the  machine  is  running,  the  ends  emerge  in  an  even 
sheet  and  are  then  gradually  condensed  to  form  the  chain. 
When  it  is  ncccssiiry  to  take  a  lease,  the  reed  is  alternately 
raised  and  lowered  by  suitable  mechanism.  Raising  the 
reed  also  raises  the  ends  that  pass  through  the  eyes,  while 
lowering  the  reed  de])resscs  these  ends;  on  the  other  hand, 
the  ends  that  ])ass  through  the  dents  remain  in  their  normal 
jjosition  during  the  whole  time. 

For  some  makes  of  balling  warj)ers,  instead  of  using  per- 
forated steel  wires  a  leaded  reed  is  used.  This  consists  of 
stiff,  steel  wires  so  connected  as  to  stand  upright  on  a  firm 
foundation,  the  lower  half  of  each  alternate  dent  being  filled 
with  lead.     Each  end  in  the  waq)  i)asses  through  a  dent,  so 
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that  only  alternate   ends   pass   through   the   leaded  dents. 
When  it  is  desired  to  take  a  lease  the  reed  is  raised,  which 


lifts  those  ends  in  the  leaded  dent,  while  those  in  the  other 
dents  remain  down,  thus  enabling  twine  to  be  passed 
between  alternate  ends  so  as  to  produce  a  lease. 
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CONSTRUCTION    OF    BALLING    ATTACHMENT 

25.  A  larger  view  of  the  balling  attachment  alone  is 
shown  in  Fig.  7,  while  Fig.  8  is  an  end  elevation  with  the 
hand  wheel  removed  and  the  framework  shown  in  dot-and- 
dash  lines  so  that  the  various  working  parts  can  be  more 
clearly  seen.  The  attachment  consists  of  two  upright  sup- 
ports dy  dx  that  form  the  sides  and  are  connected  by  cross- 
bars secured  to  each  side,  one  of  which  is  shown  at  ^,.  The 
upper  portion  of  each  support  terminates  in  two  upright 
arms  d^,  d^  that  serve  as  guides  for  the  shaft  e^  during  the 
formation  of  the  ball.  For  convenience  in  doffing,  etc.,  the 
upper  parts  of  these  arms  are  made  removable.  Mounted 
in  bearings  on  the  supports  d.d^  are  two  rolls  d^  about 
5f  inches  in  diameter,  which  are  connected  by  gearing  so  as 
to  revolve  at  the  same  circumferential  speed.  The  ball  rests 
on  these  two  rolls  and  is  wound  around  a  wooden  core  e^ 
through  which  is  a  square  hole  for  the  shaft  e^\  the  latter  is 
squared  at  its  central  part,  but  has  circular  ends  that  rest 
between  the  two  pairs  of  vertical  guides.  Sometimes  the 
shaft  ex  is  replaced  by  an  expanding  mandrel,  in  which  case 
a  paper  tube  is  passed  over  it  and  the  mandrel  expanded,  in 
order  to  cause  the  tube  to  be  gripped  and  be  driven  by  the 
rolls  on  which  it  rests. 

26.  Driving. — The  machine  is  driven  in  the  usual 
manner  for  warpers  of  this  or  the  beam  type;  that  is,  it  has 
the  tight-and-loose  and  slow-motion  pulleys.  On  the  same 
shaft  with  the  pulleys  is  a  small  spur  gear  driving  the  gear  ^, 
Figs.  6  and  7,  through  a  large  carrier  gear.  The  gear  g 
is  situated  on  the  shaft  of  one  of  the  rolls.  Another  gear 
on  this  roll  shaft  drives,  by  means  of  carrier  gears,  a  gear 
on  the  end  of  the  other  roll  shaft  and  a  gear  on  the  end  ol 
the  traverse  worm-shaft  r.;  both  rolls  d^  revolve  in  the  same 
direction.  As  the  core  e  rests  on  the  rolls  d^,  it  is  revolved 
at  the  same  surface  speed  as  these  rolls;  and  as  they  are 
positively  driven,  the  yarn  is  drawn  off  the  spools  in  the 
creel,  through  the  warper,  and  wound  around  the  core. 

88—26 
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27.  Traverse  Motion. — In  order  to  produce  the  cylin- 
drical form  of  ball  desired,  it  is  necessary  to  give  a  traverse 
motion  to   the  trumpet  r*,  and  consequently  to  the  chain 
passing  through  it,  which  when  only  one  ball  is  formed  at  a 
time  is  generally  almost  equal  to  the  width  of  the  core — the 
trumpet   is  moved  almost  to  one  end  of  the  core,  is  then 
reversed  and  moved  almost    to  the  other   end,   and   again 
reversed,  with  a  movement  comparatively  slow  and  even, 
so  as  to  build  up  the  chain  on  the  core  in  successive  layers 
of  spiral  coils. 

The  traverse  motion  is  obtained  by  means  of  a  heavy 
steel  screw  r,  mounted  in  bearings  in  the  end  pieces  of  the 
bailer.  The  shaft  has  a  continuous  double  thread  cut  deeply 
into  its  surface,  one  thread  right-hand  and  the  other  left- 
hand,  connected  at  each  end.  Around  the  threaded  portion 
is  passed  a  bracket  r„  which  carries  a  pin  that  projects  into 
the  thread. 

The  lower  end  of  the  bracket  is  enlarged  to  fit  over  the 
rod  d^,  which  serves  to  hold  it  in  an  upright  position  and 
steady  it;  as  it  carries  the  trumpet  c^  at  its  upper  end,  the 
rotary  movement  of  the  screw  shaft  will  produce  a  horizontal 
reciprocating  movement  of  the  trumpet,  thus  giving  the 
desired  traverse  to  the  chain.  The  speed  of  the  screw  shaft 
is  so  regulated  as  to  give  an  open  spiral  wind  of  the  chain 
on  the  core. 

28.  Winding  Mecliaiiisin. — At  each  side  of  the  bailer 
is  a  casting  /,  Fig.  8,  that  has  a  handle  at  its  upper  end  and 
carries  a  lug,  throuj^h  which  passes  the  shank  of  a  fork  /, 
that  rests  on  the  shaft  i\.  On  the  shank  of  this  fork,  between 
its  arms  and  the  lug  of  the  casting  /,  is  a  spring  /„  that  has 
a  tendency  to  force  the  forked  portion  as  far  from  the  lug  as 
is  allowed  by  the  washer  secured  to  the  upper  end  of  the 
shank  of  the  fork.  At  the  lower  end  of  the  casting  /  is 
attached  a  leather  strap  Z^,  which  passes  down  and  around  a 
scroll-shaped  casting  /,,  shown  in  dotted  lines,  mounted  on 
the  shaft  A.  Securely  attached  to  this  shaft  is  a  fricticm 
pulley   /«  (Figs.    7    and   8),   partly  around   which   passes   a 
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friction  strap  /,  that  is  secured  at  one  end  to  a  stud  /,  on  the 
stand  d  and  at  the  other  end  to  a  weighted  lever  /,. 

This  friction  mechanism  is  necessary  in  order  to  keep  the 
core  pressed  on  the  driving  rolls  </,  with  sufficient  pressure 
CO  wind  the  chain  on  its  surface.  When  :.  ball  is  first  started, 
the  shaft  e^  of  the  core  is  in  its  lowest  position  and  the  cast- 
ing /  also  being  in  its  lowest  position  allows  the  scroll  A  to 
assume  a  position  practically  as  shown  in  Fig.  8  and  almost 
the  whole  length  of  the  strap  /,  to  be  wound  around  it. 
When  the  scroll  /*  is  in  the  position  shown,  the  strap  /,  acts 
on  the  small  diameter  of  the  scroll,  and  hence  a  greater 
pressure  is  exerted  on  the  core  because  a  greater  force  is 
required  to  turn  the  friction  pulley  /.  under  these  conditions. 
As  the  ball  increases  in  size,  the  ends  of  the  shaft  ^,  rise 
between  the  vertical  guides  ^„  d^,  thus  raising  the  casting  / 
and  causing  the  scroll  /*,  shaft  /.,  and  friction  pulley  /•  to 
revolve  so  that  the  strap  /,  will  be  gradually  unwound  from 
the  surface  of  the  scroll.  As  the  strap  /,  is  unwound  from  the 
surface  of  the  scroll  in  consequence  of  the  increasing  diam- 
eter of  the  ball  raising  the  casting  /,  the  effective  diameter 
of  the  scroll  increases  so  that  the  leverage  of  the  strap  /,  is 
increased  and  less  force  is  required  to  raise  the  core.  The 
decrease  in  the  amount  of  power,  or  pressure,  requircrl  to 
overcome  the  friction  is  necessary  in  order  that  an  even 
tension  may  be  obtained;  for  as  the  ball  increases  in 
size,  it  also  increases  in  weight,  thus  counterbalancing 
the  decrease  in  the  amount  of  power  required  to  overcome 
the  friction,  so  that  the  tension  for  winding  the  yam  will 
be  practically  the  same  throughout  the  IniiUJing  of  the 
ball.  An  even  tension  is  required  to  make  a  j^rfcctly 
formed  ball.  If  the  tension  at  the  iKrginning  w^:rc  \(i%% 
than  at  the  finish,  the  ends  of  the  ball  would  b^lg^  *i\\\ 
and  be  ragged.  If  the  tension  were  lcs<i  at  tht:  fir;i«*b  (ban 
at  the  beginning,  a  soft  ball  would  1j»c  formed.  If  a  cir- 
cular disk  were  used  in  place  of  fbf;  scroll,  fh^:  Vyp^7%z^. 
would  be  the  same  all  the  frm^:;  con«i^qti^!nflv,  th^*  «v;fm^' 
amount  of  tension  would  \y(i  i.'A\\Mn\  by  fhr:  U\'\^*fU 
mechanism  through'^/Ut  thf:  buildiri'^  of  th^!  b?ill,  mA  ;ij;  th«; 
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ball  increased  in  size  and  weight,  the  amount  of  tension 
would  be  increased,  due  to  the  increased  weight  of  the  ball. 

29.  Measuring:  Motion. — On  most  ball  warpers,  an 
arrangement  is  provided  to  register  the  number  of  yards 
of  chain  passing  through  the  machine  by  means  of  a  finger, 
or  fingers,  moving  around  the  face  of  a  graduated  dial,  the 
arrangement  being  called  a  clock,  sometimes  a  lease  clock. 
Combined  with  the  measuring  arrangement,  there  is  usually 
an  arrangement  by  which  the  warper  is  stopped  automatic- 
ally when  certain  lengths  have  been  warped,  a  bell  also 
being  rung  to  notify  the  operator.  The  measurements 
required  to  be  recorded  are'  the  terminations  of  cuts,  the 
points  where  it  is  desired  to  insert  leases,  and  the  termina- 
tion of  the  complete  chain.  The  cut  lengths  are  generally 
short,  usually  about  50  yards;  the  leases  are  inserted  at 
regular  intervals,  usually  every  500  or  1,000  yards;  while  the 
complete  chain  varies  from  1,000  to  10,000  yards,  or  more. 

Elevations  of  a  mechanically  operated  lease  clock  are 
shown  in  Fig.  9  (a)  and  {b).  The  clock  is  driven  from  the 
shaft  of  a  measuring  roll,  which  carries  a  single  worm  h  that 
drives  a  worm-gear  hy^  of  48  teeth.  The  yarn  passes  over  this 
measuring  roll  in  its  passage  through  the  warper  proper.  On 
the  same  stud  with  h^  is  the  gear //,  of  16  teeth,  which  drives 
the  cut  change  ^i^ear  lu  by  means  of  the  carrier  gear  k^.  The 
change  gear  is  held  on  its  stud  by  means  of  a  nut,  as  shown, 
and  is  in  a  convenient  place  for  removal  and  replacement  with 
another  gear,  thus  affording  a  ready  means  of  altering  the 
length  of  the  cuts.  On  the  same  shaft  with  lu  is  a  gear  h,,  of 
16  teeth  driving  a  gear  //«  of  64  teeth,  on  the  same  stud  with 
which  is  a  gear  //,  of  16  teeth  driving  the  lease  change  gear  //.. 
Different  sizes  of  gears  at  h^  give  different  lengths  between 
the  leases,  in  the  case  of  long  chains;  or  different  lengths  of 
complete  chains,  in  the  case  of  short  chains.  On  a  short 
supporting  shaft  j  is  mounted  a  curved  arm  j\  with  its 
upper  end  resting  against  a  collar  j\  that  is  on  the  same 
sleeve  as,  and  revolves  with,  the  cut  change  gear  h^.  In 
this    collar  is   cut  a   notch    sufficiently   large   to   allow   the 
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point  of  the  curved  arm  y,  to  drop  into  it  when  the  collar 
has  revolved  until  it  is  in  a  suitable  position.  As  this  arm 
drops  into  the  notch,  it   causes  a  hammer  y,  to  strike  the 


Fig.  9 

small  gong  y*,  thus  indicating  to  the  operator  that  a  cut  has 
passed  the  measuring  roll. 

On  the  stud  that  carries  the  lease  change  gear  is  a  barrel  k 
carrying  coarse  spiral  threads,  between  which  rests  the 
curved  finger  of  a  casting  /•,,  which  is  also  supported  on  the 
shaft  y,  on  which  it  can  slide.     This  barrel  has  a  groove  k^ 
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cut  lengthwise  along  its  surface,  which  is  wide  and  deep 
enough  to  allow  the  finger  of  the  casting  kx  to  drop  into  it. 
When  the  warper  is  started,  the  finger  is  just  beyond  this 
groove.    The  number  of  teeth  in  the  train  of  gears  is  such  as 
will  cause  the  barrel  to  make  one  revolution  while  the  num- 
ber of  yards  required  between  lease  bands  is  passing  through 
the  machine,  so  that  when  it  is  necessary  to  insert  a  lease,  the 
barrel  will  have  revolved  until  it  is  in  the  right  position  for 
the  finger  of  the  casting  ky,  to  drop  into  the  groove,  when  the 
vibration  of  the  bell  k^  will  cause  it  to  ring.     Therefore  when 
the  gong  rings,  the  operator  knows  that  a  cut  has  been  com- 
pleted; and  when  the  bell  rings,  that  a  lease  has  been  com- 
pleted, or,  in  the  case  of  short  chains,  a  complete  chain  finished. 
The  thread  around  the  barrel  k  is  such  as  to  provide  a 
number  of  grooves,  usually  ten  altogether;  at  each  revolution 
the  curved  arm  k^  is  moved  a  slight  distance  outwards,  so 
that   ultimately,   when    the    barrel   has    made    the    required 
number  of  revolutions,  the  finger  of  the  curved  arm  escapes 
altogether  from  the  barrel  and  falls  from  it  for  some  distance. 
The  belt  is  then  shipped  from  the  tight  to  the  loose  pulley 
by  means  of  suitable  mechanism  and  the  warper  stopped, 
thus  indicating  the  completion  of  a  chain.     For  example. 
if  six  leases  are  required  in  a  complete  warp,  at  the  start  the 
finger  is  placed  in  such  a  groove  of  the  barrel  that  six  rev- 
olutions will  free  it  and  cause  the  warper  to  stop. 

30.  Calculations  for  Measuring:  Motion. — To  find 
the  number  of  yards  in  a  cut  when  the  circumference  of  the 
measuring  roll  and  the  number  of  teeth  in  the  gears  opera- 
ting the  cut-indicator  gong  are  known: 

Rule. — Divide  the  product  of  the  driven  gears  and  the  cir- 
cumference  of  the  measuring  roll,  in  inches,  by  the  product  of  the 
driviiig gears  and  Sii  {the  inches  in  I  yard), 

ExAMPLK.  — Find  the  number  of  yards  in  a  cut  when  the  measuring 
roll  is  12  inches  in  circumference  and  carries  a  single  worm  driving  a 
vvorm-j^ear  of  48  teeth,  with  which  is  compounded  a  16-tooth  gear  dri- 
vinj^,  throuj;h  a  carrier  gear,  the  cut  change  gear  of  50  teeth. 

48  X  oO  X  12        „      ,  ^       . 

Solution.—      ----,.      .,/.-  =  oO  yd.  per  cut.     Ans. 
1  X  lb  X  3b 
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31,  To  find  the  size  of  the  cut  change  gear  required  to 
produce  a  certain  length  cut  when  the  circumference  of  the 
measuring  roll  and  the  number  of  teeth  in  the  gears  operating 
the  cut-indicator  gong  are  known: 

Rule  I. — Apply  the  rule  for  finding  the  length  of  the  cut,  in 
yards,  substitutirig  the  lefigth,  in  yards,  of  the  cut  required  in 
place  of  the  number  of  teeth  in  the  cut  change  gear. 

Example  1. — Find  the  size  of  the  cut  change  gear  required  to  pro- 
duce a  50-yard  cut  with  the  train  of  gears  given  in  the  example  in 
Art.  30.     The  measuring  roll  is  12  inches  in  circumference. 

48  X  50  X  12 
Solution.—     -f^^-^^  3^  =  50-tooth  gear.    Ans. 

Another  rule  for  finding  the  size  of  the  cut  change  gear  is 
as  follows: 

Rule  II. — Divide  the  number  of  yards  in  the  cut  desired  by  the 
cotistant  for  the  train  of  gears  operating  the  cut-indicator  gong. 

The  constant  is  found  by  applying  the  rule  in  Art.  30, 

considering  the  cut  change  gear  as  a  1-tooth  gear. 

Example  2.— Same  as  example  1. 

48  X  1  X  12 
Solution. —     T';y^n  C7q«  =  ^»   constant  for  the  cut  change  gear. 
1  X  lo  X  ov> 

50  -r  1  =  50-tooth  gear.     Ans. 

From  the  above  calculations  it  will  be  seen  that  the 
number  of  teeth  in  the  cut  change  gear  is  equal  to  the 
number  of  yards  in  a  cut;  thus,  a  40-yard  cut  requires  a 
40-tooth  change  gear;  a  50-yard  cut,  a  r)0-tooth  change 
gear;  etc. 

32.  To  find  the  number  of  yards  between  leases  when 
the  circumference  of  the  measuring  roll  and  the  number  of 
teeth  in  the  gears  operating  the  lease-indicator  bell  are 
known,  apply  the  rule  in  Art.  30. 

Example. — Find  the  number  of  yards  between  leases  when  the  meas- 
uring roll  is  12  inches  in  circumference  and  carries  a  single  worm  dri- 
ving a  worm-gear  of  48  teeth.  Compounded  with  the  worm-gear  is  a 
16-tooth  gear  driving  the  cut  change  gear  through  a  carrier  gear. 
On  the  same  stud  wnth  the  cut  change  gear  is  a  10-tooth  gear  driving 
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a  64-tooth  gear  that  is  compounded  with  a  16-tooth  gear  driviDg  the 
lease  change  gear.  The  cut  change  gear  in  this  case  has  50  teeth, 
while  the  lease  change  gear  has  80  teeth. 

c  48  X  50  X  64  X  80  X  12        ,  ,™     ,       . 

Solution.-      j  xTe^Ye  X  16  X  36   ^  ^'^  ^^^    ^°'- 

33.  To  find  the  constant  for  the  lease  change  gear: 

Rule  I. — Apply  the  rule  for  finding  the  number  of  yards 
between  leases,  considering  the  lease  change  gear  as  a  l-tooth  gear. 

Example  1. — Find  the  constant  for  the  lease  change  gear  for  the 
train  of  gears  given  in  the  example  in  Art.  32 ,  the  measuring  roll 
being  12  inches  in  circumference. 

_  48X50X64X1X12        „  _  *     *  *      4U    i 

Solution.-      p^-j^-   ^-^^^-^,^^  =  12.5.  constant  for  the  lease 

change  gear.     Ans. 

To  find  the  size  of  the  lease  change  gear  required  to 
produce  a  given  length  of  chain  between  lease  bands: 

Uule  II. — Divide  the  7iumber  of  yards  desired  between  lease 
bands  by  the  constant. 

Example  2. — Find  the  size  of  the  lease  change  gear  required  to 
produce  1,000  yards  of  chain  between  leases. 

Solution.—      1.000  ^  12.5  =  80-tooth  gear.    Ans. 

34.  To  find  the  number  of  cuts  between  leases: 

Uulc. — Divide  the  number  of  yards  between  leases  by  the 
niiviber  of  yards  in  a  cut. 

Example. — Find  the  number  of  50-yard  cuts  between  lease  bands 
1,000  yards  apart. 

Solution. —     1,000  ^  50  =  20  cuts  between  lease  bands.     Ans 

35.  The  fact  that  the  gearing  of  the  measuring  motion 
is  constant  with  the  exception  of  the  lease  and  cut  change 
gears  affords  a  short  method  of  finding  the  size  of  the  lease 
change  gear  reciuired  to  produce  a  given  length  of  chain 
between  lease  bands.  It  will  be  noted  that  the  constant 
found  in  Art.  »J»}  (12.5)  is  one-fourth  the  number  of  yards  in 
a  cut,  or  the  number  of  teeth  in  the  cut  change  gear  (50). 
The  relation  of  these  items  is  always  the  same,  because  the 
number  of  teeth  in  the  cut  change  gear  is  the  only  variable 
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quantity  in  the  calculation,  which  without  this  item  equals  i. 
The  constant,  therefore,  may  always  be  found  by  dividing 
the  number  of  yards  in  a  cut  by  4.  As  the  rule  for  finding 
the  number  of  cuts  between  leases  requires  that  the  number 
of  yards  between  leases  shall  be  divided  by  the  number  of 
yards  in  a  cut,  and  as  the  rule  ►for  fi  ding  the  size  of  the 
lease  change  gear  requires  that  the  number  of  yards  between 
leases  shall  be  divided  by  the  constant,  which  it  has  been 
proved  is  always  one-fourth  of  the  number  of  yards  in  a  cut, 
the  number  of  cuts  between  leases  must  always  be  one- 
fourth  of  the  number  of  teeth  in  the  lease  change  gear. 
This  gives  the  following  short  rule  for  finding  the  lease 
change  gear  required: 

Rule. — Multiply  the  number  of  cuts  between  lease  bands  by  4, 

Example. — Find  the  size  of  the  change  gear  required  to  produce 
1,000  yards  of  chain  between  leases,  the  cuts  being  50  yards  in  length. 

Solution. — Applying  the  rule  for  finding  the  number  of  cuts 
between  leases,  1000  ^  50  =  20  cuts;  4  X  20  =  80-tooth  gear.    Ans. 

36.  In  the  case  of  short  chains,  where  it  is  intended  ta 
stop  the  warper  and  cut  off  the  chain  when  the  barrel  k  has 
made  one  revolution,  the  preceding  calculations  as  to  the 
length  between  lease  marks  can  be  considered  as  applying 
to  the  total  length  of  the  chain.  In  the  case  of  long  chains, 
as  the  number  of  leases  in  the  chain  is  known,  no  calcula- 
tion is  necessary;  the  finger  is  simply  placed  in  such  a  groove 
of  the  barrel  k  that  the  latter  must  turn  around  as  many 
times  as  there  are  to  be  leases  in  the  chain  before  the 
finger  is  allowed  to  drop  from  it.  For  example,  if  a  warp 
of  4,000  yards  is  required  with  500  yards  between  leases, 
the  barrel  must  turn  around  eight  times  before  the  chain  will 
be  complete;  the  finger  will  therefore  be  set  first  in  such 
a  groove  as  will  require  eight  revolutions  of  the  barrel  to 
release  it. 

By  suitable  arrangement  of  the  fingers  and  their  connec- 
tion with  the  stop-motion,  balling  warpers  can  be  constructed 
so  that  the  warper  is  stopped  at  the  end  of  a  cut  and  of  a 
lease  as  well  as  at  the  end  of  the  completed  chain. 
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37.  In  the  preceding  description,  references  have  be^^^xi 
made  to  the  bailer  as  equipped  for  making  one  ball.  \^ 
this  case,  it  is  customary  to  build  the  bailer  so  as  to  ts^^^)^^ 
cores  either  30  or  36  inches  long,  the  length  of  the 
being  slightly  less   than  this.     Balls  can  be  made  of 
width    narrower    than    the    maximum    size    for    which   t^ 
machine   is   constructed,   by   changing   the   traverse    scr 
to  one  of  the  required  length.     When  exceptionally  nar 
balls  are  required,  it  is  customary  to  make  two  or  ei 
three  at  the  same  time  on  one  core.     This  is  accomplisl 
by  using  a  traverse-guide   shaft  with   either  two  or  th*_    j.^^ 
guides,  as  the  case  requires,  the  shaft  in  each  case  havin_   ^ 
corresponding  number  of  sets  of  threads,  so  that  each  gvm  /(/g 
is  operated  by  a  separate  set  of  threads.     Thus,  if  a  36-i  xjc/j 
bailer  is  used  and  two  balls  formed  at  the  same  time,  e^ch 
ball  will  be  slightly  less  than  18  inches  in  length,  while  /n 
case  three  balls  are  made,  each  ball  will  be  slightly  less  than 
12  inches.     The  number  of  ends  that  can  be  placed  on  on^ 
ball  depends  on  the  creel  capacity.     The  largest  creels  ar^ 
made  for  810  ends,  but  this  is  an  unusual  size,  the  creel ^^ 
being  usually  constructed  for  510  spools. 

38.  A  warper  similar  to  that  described  is  usually  driver^^ 
by  a  la-inch  belt  and  requires  about   2  horsepower.     The — ^ 
warper  tenders  are  usually  women  or  girls,  one  of  whom     -^ 
attends  to  two  or  more  warpers,  depending  on  her  ability, 
the  speed  of  the  machine,  the  counts  and  quality  of  the  yam 
run,  as  well  as  many  other  important  points. 

The  speed  of  the  warper  is  such  as  to  deliver  from  50  to 
60  yards  of  chain  per  minute  when  the  belt  is  on  the  tight 
pulley;  but  the  net  production  is  about  25  per  cent,  less  than 
this,  on  account  of  stoppages  for  replacing  spools  in  the 
creel,  leasing,  doffing,  cleaning,  and  repairing  broken  ends, 
including  the  allowance  that  is  necessary  for  the  time  during  ' 
which  the  belt  is  on  the  slow-motion  pulley. 

No  definite  information  can  be  given  as  to  the  number  of 
ends  or  the  length  and  weight  of  the  balled  chains,  since 
this  varies  very  widely  according   to  requirements  of  pur- 
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hasers.  Balls  may  be  made  as  heavy  as  300  pounds  or 
nore  *  and  from  this  downwards  as  light  as  is  required. 
Balls  are  shipped  on  the  cores  on  which  they  are  built;  each 
>all  is  wrapped  with  burlap  lined  with  paper,  the  ends  of 
vhich  are  then  sewed.  Bailers  provided  with  expanding 
nandrels  over  which  paper  tubes  can  be  placed  are  some- 
:imes  used  in  order  to  avoid  the  expense  of  shipping  balls 
on  the  wooden  cores,  since  the  paper  tubes  are  much 
lighter  and  save  freight  as  well  as  the  expense  of  returning 
empty  cores.  

VARIATIONS    IN    CONSTRUCTION 

39.  The  arrangement  shown  in  Fig.  6,  with  the  return 
wheel  at  the  extreme  forward  end  of  the  apparatus  and  the 
balling  attachment  beneath  the  sheet  of  ends,  is  one  com- 
monly used  where  it  is  desired  to  economize  in  floor  space; 
about  22  feet  by  7  feet  is  occupied  by  this  arrangement. 
Other  arrangements  are  possible;  for  instance,  the  balling 
attachment  may  be  placed  ahead  of  the  return  wheel,  the 
yam  passing  in  almost  a  straight  line  from  the  warper 
proper  to  the  balling  attachment,  instead  of  returning  on 
itself,  as  shown  in  Fig.  6.  This  renders  all  parts  of  the  warper 
and  balling  attachment  more  accessible,  but  occupies  about 
28  feet  by  7  feet  of  floor  space.  Neither  of  these  arrange- 
ments affords  the  attendant  the  greatest  possible  facility  of 
access  to  the  yarn  in  the  warper,  such  as  is  required  in  order 
to  properly  piece  up  the  broken  ends  and  pass  them  through 
the  eyes  of  the  stop-motion.  To  provide  for  this,  two  other 
methods  of  applying  the  balling  attachment  to  the  warper 
are  sometimes  used.  One  is  to  carry  the  sheet  of  ends  from 
the  warper  to  the  ceiling  of  the  room,  pass  it  over  a  roll, 
and  then  bring  it  down  to  the  guide  eye  of  the  balling 
attachment;  the  sheet  of  ends  is  contracted  as  it  passes 
downwards.  The  balling  attachment  is  placed  in  any  con- 
venient position  so  that  the  yarn  by  passing  over  the  roll 
will  form  an  arch,  under  which  the  attendant  can  pass  and 
more  easily  reach  the  various  parts  of  the  warper.  The 
other  arrangement  is  to  construct  a  platform  between  the 


36  CHAIN  WARPING  §95 

warper  and  the  balling:  attachment  and  pass  the  sheet  of  ends 
downwards  and  underneath  this  platform,  then  upwards  and 
around  a  guide  pulley  attached  to  the  ceiling,  and  then  down- 
wards to  the  guide  eye  of  the  balling  attachment.  In  this 
case,  the  operator  can  stand  on  the  platform  under  which  the 
ends  are  passing  and  replace  broken  ends  in  the  most  con- 
venient manner. 

Another  arrangement,  known  as  the  Clark  balling  attach- 
menty  is  similar  in  many  respects  to  the  one  shown  in  Fig.  6, 
except  that  the  balling  apparatus  rests  against,  and  is  driven 
by,  the  regular  cylinder  of  the  beam  warper,  thus  avoiding 
the  necessity  of  a  separately  located  balling  attachment. 


CHAIN  WARPING 

(PART  2) 


CONSTRUCTION  OF  CHAIN  WARPERS 


DENN  WARPERS 

1.  The  machine  in  most  common  use  for  making  chains 
is  the  Denn  warper.  Owing  to  its  adaptability  for  making 
either  balled  or  linked  chains,  with  a  large  number  of  ends 
(because  of  the  possibility  of  using  large  creels)  and  of  any 
required  length,  the  advantages  of  this  machine  are  so 
evident  as  to  have  caused  its  wide  use  during  recent  years.  A 
common  type  of  Denn  warper  equipped  with  one  linking  head 
is  shown  in  perspective  in  Fig.  1  and  in  section  in  Fig.  2. 

2.  Passapre  of  Yarn. — The  spools  of  yam  are  placed  in 
the  creels  a,  Fig.  2,  and  the  ends  conducted  through  an  eye 
board  ^,  each  end  passing  through  a  separate  eye,  thence 
under  a  roll  c,  and  over  another  roll  Cx\  each  end  then  passes 
through  a  drop  wire  in  the  stop-motion  d,  where  the  mechan- 
ical stop-motion  is  used,  after  which  the  ends  are  all  collected 
in  a  sheet  and  passed  over  the  roll  r,.  They  are  next  threaded 
through  the  harnesses  /,^,  which  are  used  only  when  leases 
are  taken,  and  then  pass  around  a  measuring  roll  h,  on  which 
is  a  presser  roll  hx,  both  of  which  are  of  cast  iron.  The  sheet 
of  yam  is  returned  around  a  roll  /,  up  to  which  time  the  yam 
has  been  arranged  in  a  wide  sheet.  From  this  point,  how- 
ever, the  sheet  is  contracted  by  means  of  an  arch  ^,  until  by 
the  time  it  reaches  the  guide  fork  k^  it  is  in  the  form  of  a 
rope  of  yarn,  which  then  passes  to  the  linking  arrangement  /. 
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The  machine  under  description  is  equipped  with  the 
mechanical  stop-motion,  the  common  type  of  measuring 
motion,  and  with  one  linker  only,  but  different  arrangements 
of  Denn  warpers  are  in  use.  For  instance,  an  electrical 
stop-motion  is  now  generally  used  instead  of  a  mechanical 
one,  two  linkers  may  be  applied  instead  of  one,  or  the  linker 
may  be  disconnected  and  one  or  more  balling  attachments 
applied.  The  construction  of  the  warper  illustrated  will  be 
described,  as  it  contains  most  of  the  essential  parts  of  any 
Denn  warper,  after  which  variations  in  the  construction  of 
Denn  warpers  will  be  referred  to. 

3.  Creels. — A  feature  of  Denn  warpers  is  the  large  creel 
capacity,  as  compared  with  other  warpers.  The  most  com- 
mon size  of  machine  is  that  which  provides  for  2,250  ends,  but 
they  are  made  for  2,430,  2,520,  2,808,  3,006,  or  3,204  ends, 
as  required.  In  order  to  provide,  for  this  large  number  of 
ends  a  number  of  separate  creels  aire  used,  generally  six,  all 
similar  in  construction.  -Thiy'  ar^  vertical,  constructed  of 
wooden  standards  connected  at  the  top  and  bottom  by  a 
wooden  framework,  and  adjusted  at- ttf6  required  distance  to 
allow  a  spool  to  be  inserted' be t*:;^eiileach  pair  of  standards. 
Attached  to  the  standards  are  iron  steps,  in  which  the  spool 
skewers  rest,  carrying  the  spools.  Immediately  in  front  of 
the  face  of  the  creel  from  which  the  yarn  is  delivered,  in 
case  a  mechanical  stop-motion  is  used,  are  a  series  of  verti- 
cal iron  rods  ^7,,  Fig.  2,  supported  at  the  top  and  bottom  in 
a  framework  a^,  each  being  placed  about  opposite  the  center 
of  each  vertical  row  of  spools.  This  arrangement  is  better 
shown  in  Fig.  3,  which  is  a  plan  view  of  the  warper  and  a 
number  of  creels,  only  the  ends  of  the  latter  being  shown,  in 
order  to  indicate  their  location.  It  will  be  seen  that  each 
end  of  yarn  passes  from  its  spool  around  the  vertical  guide 
rod  and  then  at  an  angle  toward  the  eye  board  of  the  warper. 
In  a  warper  equipped  with  an  electrical  stop-motion,  the  iron 
rods  are  not  used;  a  wooden  standard  carries  the  electrical 
connections  and  the  stop-motion  wires  occupy  about  the 
same  position  as  the  iron  rod. 
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The  size  of  the  creels  is  determined  by  the  number  of  ends 
that  it  is  intended  to  warp;  the  creels  are  generally  arranged 
with  spools  in  vertical  rows,  there  being  as  many  vertical 
rows  and  as  many  separate  creels  as  are  necessary  to  bring 
up  the  creel  capacity  to  the  total  required;  for  instance,  a 
warper  for  2,250  ends  has  one  creel  with  20  vertical  rows  and 
five  creels  that  each  have  21  vertical  rows,  each  row  having 
18  spools,  which  gives  a  total  creel  capacity  of  2,250  ends. 
One  for  2,432  ends  has  six  creels,  the  two  outer  ones  each 
having  26  vertical  rows  of  spools  and  the  four  inner  ones, 
25  vertical  rows,  with  16  spools  in  each  vertical  row — in  all 
(26  +  25  +  25  +  25  +  25  +  26)  X  16  =  2,432.  The  creels 
should  be  firmly  stayed  and  set  such  a  distance  apart  as  will 
give  a  convenient  passageway  between  the  creels  for  access 
in  tying  in  new  spools  or  connecting  broken  ends. 

4.  The  eye  board  b,  shown  in  Figs.  2  and  3,  is  a  thin 
wooden  board,  enclosed  in  a  wooden  frame  and  pierced  with 
holes,  in  which  are  fixed  porcelain  guide  eyes.  There  are  as 
many  vertical  rows  of  eyes  as  there  are  vertical  rows  of 
spools  in  all  the  creels,  and  as  many  eyes  in  each  vertical 
row  as  there  are  spools  in  one  vertical  row  in  the  creel;  that 
is,  for  2,250  ends  there  would  be  18  eyes  in  each  vertical  row 
in  the  eye  board  and  125  vertical  rows.  The  eye  board  is 
stationary  and  simply  serves  as  a  guide  to  bring  the  ends  of 
yam  into  proper  position  and  hold  them  in  the  same  relative 
position  to  one  another  as  the  spools  occupy  in  the  creels, 
thus  in  the  case  of  a  broken  end  facilitating  the  finding  of  the 
spool  from  which  the  end  has  been  broken.  As  the  vertical 
rows  of  holes  in  the  eye  board  are  numbered  to  correspond 
to  the  numbering  of  the  vertical  rows  of  spools  in  the  creel, 
by  a  glance  at  the  eye  board  the  number  of  the  creel  and  the 
number  of  the  vertical  row  of  that  creel  in  which  the  end  is 
broken  can  be  readily  determined.  The  eye  board  is  some- 
times called  the  holeyhoard, 

5.  Drlvlni^. — One  method  of  driving  the  Denn  warper 
is  shown  in  Fig.  3.  The  shaft  e^  receives  the  power  from 
the  shafting  of  the  room  by  means  of  the  tight  pulley  ^,, 
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close  to  which  is  the  loose  pulley  e.     At  each  of  the  outer 
endS  of  this  shaft  is  a  hand  wheel  for  the  purpose  of  turning 
the  warper  by  hand  when  necessary.     At  the  end  of  the 
shaft   ^«,   opposite   the  driving  pulley,   is    a   bevel  gear  of 
26  teeth  that  drives  another  bevel  gear  of  26  teeth  on  a 
long  side   shaft.     On  the  opposite  end  of   this  shaft  is  a 
bevel  gear  of  18  teeth  that  meshes  with  a  54-tooth  gear  on 
the  measuring-roll  shaft.     At  the  opposite  end  of  the  meas- 
uring-roll shaft  is  a  train  of  gears  consisting  of  a  66-tooth 
gear  A,  that  drives,  through  two  carriers,  a  96-tooth  gear  A, 
on  the  shaft  ;«„  which  carries  the  lower  grooved  calender 
roll  Wi.     On  this  shaft  is  also  a  35-tooth  gear  r,  used  for 
operating  the  linker,  and  a  33-tooth  sprocket  gear  w„  used 
for  operating  the  balling  attachment  when  the  linker  is  not 
used. 

Another  method  of  driving  that  is  being  introduced  and, 
in  fact,  is  taking  the  place  of  the  side  shaft  and  bevel  gears 
is  to  connect  the  shaft  <r,  with  the  measuring  roll  h  by  means 
of  two  sprocket  gears  and  a  chain.  The  gear  on  e^  in  this 
case  usually  contains  10  teeth,  and  that  on  h  30  teeth. 


MECHANIC  AT.    STOP-MOTION 

6.  After  leaving  the  eye  board  and  passing  under  the 
guide  roll  c  and  over  the  roll  r,,  which  are  smooth  iron  rolls 
supported  on  each  side  of  the  frame  and  constructed  so  as 
to  revolve  easily,  the  yarn  passes  through  the  stop-motion, 
shown  in  Figs.  2  and  4,  if  the  mechanical  stop-motion 
is  used.  This  consists  of  a  rigid  wooden  framework  ^„ 
Fig.  4,  at  the  top  and  bottom  of  which  are  brass  plates  ^„  ^„ 
respectively,  each  of  which  is  perforated  with  twice  as  many 
holes  as  there  are  places  for  spools  iii  the  creels.  Through 
the  holes  in  these  plates  are  passed  bent  wire  staples,  or  drop 
wires,  d^  that  have  a  slight  turn  at  their  lower  ends,  so  as  to 
prevent  their  being  raised  out  of  the  framework.  These 
staples  are  of  different  lengths  so  as  to  form  several  tiers 
when  they  are  all  raised;  immediately  above  the  top  portion 
of  each  tier,  when  the  wires  are  raised,  are  two  small  guide 
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rods  ^,.  The  object  of  arranging  the  stop-motion  wires  in 
tiers  is  to  provide  for  inserting  the  ends  of  yarn  at  several 
heights,  so  that  a  large  number  of  ends  may  pass  through 
the  stop-motion  without  crowding  and  so  as  to  give  facilities 
for  finding  broken  ends  and  replacing  them  through  their 
proper  wires  in  the  stop-motion. 

When  all  the  wires  are  threaded  with  yam,  their  lower 
ends  are  level,  so  that  in  considering  the  operation  of  the 


Fig  4 

stop-motion  the  different  heights  of  the  wires  may  be 
ignored.  After  passing  the  stop-motion,  all  the  ends  of 
yam  are  again  collected  into  one  wide  horizontal  sheet  over 
the  roll  f„  Fig.  2.  In  passing  between  the  two  rolls  f,,f, 
every  end  is  slightly  depressed,  in  consequence  of  the  posi- 
tion of  the  stop-motion,  and  every  end  passes  underneath 
one  pair  of  guide  rods  similar  to  ^A,  F'ig.  4.  Each  pair  of 
guide  rods  is  spread  sufficiently  to  allow  the  upper  ends  of 
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the  stop-motion  wires  in  the  row  directly  below  it  to  stand 
between  its  two  rods.  Thus,  when  the  ends  forming  the 
upper  sheet  d^  are  in  position  beneath  the  guide  rods  (/„  with 
each  end  threaded  through  a  stop-motion  wire,  there  will  be 
one  row  of  stop-motion  wires  across  the  machine  suspended 
from  this  sheet  of  ends,  with  the  bottom  of  the  wires  just 
projecting  through  the  lower  brass  plate  d^\  similar  rows  of 
shorter  wires  are  suspended  from  other  sheets  of  ends.  In 
Fig.  4,  only  three  of  the  stop-motion  wires  are  shown,  the 
others  being  omitted  for  clearness.  The  wires  shown  are 
for  three  sheets  of  ends,  as  indicated. 

7.     The  belt  that  drives  the  tight  pulley  ^„  Fig.  4,  of  the 
warper  passes  through  the  guide  fork  ^„  which  is  supported 
on  a  horizontal  rod  e^  that  passes  through  a  bracket  e^  attached 
to  the  wooden  framework  of  the  machine;  on  this  rod  is  a 
spring  <r„  which  is  held  in  position  by  a  collar  e,  setscrewed 
to  the  rod.     On  the  flat  part  of  the  belt-guide  rod  is  a  pro- 
jection ^.;  and  below  this,  suspended  from  a  stud  ^„  is  a 
lever  ^^o,  to  the  lower  end  of  which  is  attached  a  latch  ^,« 
supported  near  its  middle  by  a  wire  hook.     An  eccentric 
^•m,  fastened  on  the  shaft  ^„  gives  a  constant  reciprocating 
motion  to  a  vertical  lever  <?i,  suspended  on  a  stud  at  its 
center;  the  upper  end  of  this  lever  is  constantly  drawn  against 
the  surface  of  the  eccentric  by  means  of  a  spring  ^„,  which 
is  also  connected  to  <?,o.    The  extreme  positions  of  the  lever  ^„ 
are  shown  by  the  solid  and  the  dotted  lines,  the  path  of  its 
movement   at  the  lower  end  being  immediately   over   the 
end  of   the   latch  e^^,  but  out  of  contact  with   it  unless  it 
should  be  raised. 

The  driving  belt  is  drawn  from  the  loose  pulley  e  to  the 
tight  pulley  e^  by  means  of  a  rope  ^,s  secured  to  the  belt- 
guide  rod;  this  rope  passes  around  part  of  the  machine,  so 
that  it  may  be  started  from  the  front  or  from  either  side  near 
the  shaft  ^3.  The  pulling  of  the  rope  results  in  compressing 
the  spring  e^  and  drawing  the  shipper  rod  a  sufficient  dis- 
tance to  admit  of  the  upper  end  of  the  lever  ^,0  falling  behind 
the  oroiection  e^  on  the  rod  e^,  thus  holding  it  and  retaining 
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the  belt  on  the  tight  pulley  until  the  upper  end  of  the  lever  ^i, 
is  moved  from  the  belt-guide  rod,  when  the  projection  is 
released  and  the  coil  spring  throws  the  belt  guide  and  belt 
from  the  tight  to  the  loose  pulley. 

8.  The  warper  is  stopped  in  the  following  manner  at  the 
breakage  of  any  end  passing  through  the  stop-motion. 
Below  the  drop  wires  of  the  stop-motion  is  a  sheet  of  brass 
gauze  resting  on  levers  and  so  accurately  balanced  that  the 
weight  of  even  one  wire  falling  on  it  will  cause  it  to  depress 
the  arms  on  which  it  rests  and  thus  raise  the  arm  ^,„  Fig.  4, 
This  arm  carries  the  wire  hook  that  supports  the  latch  ei^;  and 
consequently,  when  ^„  is  raised,  <r,«  is  also  raised,  so  that  its 
outer  end  comes  in  the  path  of  the  lower  end  of  the  lever  ^i„ 
which  at  its  next  inward  movement  strikes  the  end  of  the 
latch  ^,4,  pressing  it  back  and  thus  forcing  the  upper  end  of 
the  lever  ^xo  away  from  the  belt-guide  rod,  with  the  result 
that  the  belt  is  shifted  to  the  loose  pulley  and  the  machine 
stopped.  The  attendant,  by  noting  which  wire  has  dropped 
on  the  sheet  of  brass  gauze  and  the  corresponding  hole  in 
the  eye  board,  can  easily  trace  the  spool  from  which  the  end 
has  broken.  He  should  then  take  hold  of  the  broken  end  on 
the  spool  and  carry  it  forwards  to  the  eye  board,  through 
which  it  is  threaded  in  a  manner  similar  to  that  of  threading 
a  needle.  From  the  eye  board,  the  end  is  passed  under  the 
roll  Cy  Fig.  2,  over  the  roll  ^»,  and  is  then  ready  to  be  passed 
through  the  drop  wire  in  which  it  belongs.  Before  this  can 
be  done  it  is  necessary  to  raise  the  drop  wire  so  that  a  small 
drawing-in  hook  can  be  used  to  draw  the  end  through  it. 
The  tender  raises  the  drop  wire,  either  with  one  of  his  fingers 
or  by  raising  the  sheet  of  brass  gauze  so  that  it  will  occupy 
its  proper  position,  and  then  passes  the  hook  through  it  from 
the  front.  The  end  that  has  been  brought  forwards  is  caught 
on  the  hook  and  drawn  through  the  wire,  and  then  passed 
over  the  roll  r,  and  pieced  to  the  broken  end  in  the  machine. 
The  machine  is  now  started  slowly  and  the  speed  gradually 
increased  until  full  speed  is  attained.  The  distance  from  the 
stop-motion  to  the  measuring  roll  k  and  back  to  the  return 


10 


CHAIN  WARPING 


roll  /  gives  a  number  of  yards  of  yam,  and  as  the  machine 
stops  promptly,  it  is  seldom  that  the  broken  end  has  passed 
beyond  the  return  roll,  thus  always  giving  an  opportunity  to 
piece  it  up.  

LJUASING    HARNESSES 

9.  The  leasiugr  harnesses  f^g  are  shown  in  Fig.  2  and, 
in  detail,  in  Fig^.  5  (a)  and  {b)\  f  is  the  harness  for  taking 
the  thread  lease  and  g  the  harness  for  the  pin  lease.  Each 
consists  of  a  rectangular  wooden  framework  with  steel 
rods  fx.gx  secured  to  the  upper  and  lower  horizontal  bars. 
Oil  these  rods,  heddles  f^.g^  are  threaded  so  as  to  be  retained 
in  a  vertical  position,  but  with  freedom  to  move   laterally. 


Fig.  5 

Each  heddle  consists  of  a  twisted,  tinned,  steel  wire  that  has 
an  eye  at  the  center,  as  well  as  eyes  at  the  top  and  bottom 
through  which  the  rods  /»,  .^^  are  passed.  In  the  harness  for 
the  thread  lease,  this  eye  is  small;  but  for  the  pin  lease,  it  is 
elongfated.  These  frames  are  supported  at  each  end  by  an 
iron  bracket  containing  a  vertical  slot;  the  brackets  are 
attached  to  the  iron  beams  that  form  the  upper  part  of  the 
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sides  of  the  machine.     The  frames  may  be  moved  tip  or 
down  in  the  vertical  slots  and  when  in  the  position  required 
are  held  by  means  of  pins  similar  to  /,  and  g^,  at  each  end  of 
the  frame;  these  pins  project  through  a  hole  in  the  bracket  into 
one  of  two  holes  in  the  frame.     The  harnesses  may  there- 
fore be  secured  in  any  one  of  three  positions,  according  to 
whether  the  pins  are  in  the  upper  or  lower  holes  or  beneath 
the  frames.     When  a  lease  is  not  being  takbn  the  pins  are 
inserted  in  the  lower  holes,  which  raises  the  harness  so  that 
the  central  eyes  in  the  heddles  are  directly  in  the  path  of  the 
yarn  as  it  passes  through  the  warper,  thus  offering  the  least 
possible  resistance. 

In  the  harness  for  the  thread  lease,  the  number  of  heddles 
is  equal  to  one-half  the  number  of  ends  that  it  is  possible 
to  warp  on  the  machine.  Each  alternate  end  of  warp  is 
passed  through  one  of  the  eyes;  the  other  ends  pass  between 
the  heddles.  For  instance,  the  first,  third,  fifth,  and  all 
ocid-numbered  ends,  counting  from  one  side  of  the  machine, 
will  pass  through  separate  eyes,  while  the  even-numbered 
ends — the  second,  fourth,  sixth,  etc. — will  pass  between  the 
heddles.  The  harness  for  taking  the  pin  lease  does  not 
carry  so  many  heddles,  since  the  yam  must  be  leased  in 
grroups  of  2,  3,  4  ends,  or  more.  In  case  the  harness  frame 
is  arranged  for  4-end  pin  leasing,  the  number  of  heddles  will 
l3e  one-eighth  the  number  of  spools  that  the  creels  are  capa- 
We  of  holding,  and  the  ends  will  pass  through  the  pin-leasing 
Harness  in  groups  of  4  ends  each — the  first  4  ends  through 
the  first  eye,  the  next  4  ends  between  the  first  and  second 
heddles,  the  third  group  of  4  ends  through  the  second  eye, 
the  fourth  group  of  4  ends  between  the  second  and  third 
heddles,  and  so  on. 

10.  Thread  Ijease. — When  it  is  desired  to  take  a 
thread  lease,  the  machine  is  stopped,  the  pins  in  the  ends 
of  the  harness  frame  /,  Figs.  2  and  5  {a),  are  withdrawn,  and 
the  frame  is  allowed  to  drop  a  couple  of  inches,  when  the 
pins  are  inserted  in  the  upper  holes.  The  lowering  of 
the  harness  allows  a   shed  to   be  formed  so  that  a  lease 
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band  can  be  passed  between  the  two  sheets  of  ends,  I 
which  a  lon^,  round  or  oval  stick  with  a  slot  in  each  end 
generally  used.  One  end  of  the  lease  band  is  attached  to 
the  slot  in  one  end  of  this  stick,  and  the  stick  and  band  are 
passed  through  the  shed,  after  which  the  end  of  the  band 
attached  to  the  stick  is  removed  and  the  stick  withdrawn.  The 
band  is  longer  than  the  width  of  the  sheet  of  ends  and  con- 
sequently its  ends  han^  down  slightly  at  each  side.  The  pins 
at  the  ends  of  the  harness  are  now  withdrawn,  the  harness  is 
raised,  and  the  pins  inserted  beneath  it,  thus  holding  it  in 

the  required  position. 
Raising  the    barne 
raises  the  set  of  en 
that   was    previous!] 
depressed,    and   thus 
another    shed     i 
formed   and    anolh 
band  inserted  in 
manner  previousl 
described*     The  h 
ness  is  then  lowen 
into  its  original  po 
tion,  so  that  all 
ends  form   one  even 
sheet,  after  which  the 
ends  of  the  bands  are 
tied    together.     Thi 
W  ^^^  completes  the  takin; 

^'°-  ^  of  the  lease  and  if  it  13 

not  desired  to  take  a  pin  lease  as  well  as  a  thread  lease,  th«j 
machine  is  started  again.     The  lease  bands  should  always 
inserted  in  front  of  the  leasing  mechanism;  otherwise  they  can-j 
not  pass  forwards  with  the  yarn^  because  they  will  come  in  eonj 
tact  with  this  mechamsm*     Fig.  6  {^i)  shows  the  arrangemen 
of  the  threads  at  the  lease  band  when  a  thread  lease  is  takcc 


i 
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11,     Pill  Lease. — ^The  pin  lease  is  taken  in  the  same^ 
manner  as  the  thread  lease  except  that  the  harness  ^p  Figs. ! 
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and  5  (^),  is  used  instead  of  the  harness  /.    The  arrang:ement 
of  the  threads  in  a  4-end  pin  lease  is  shown  in  Fig.  6  (d). 

Another  method  of  taking  a  pin  lease  is  to  adopt  the  pin- 
leasing  arrangement  shown  in  Fig.  7  (a)  and  (^),  (a)  being  a 
perspective  view  and  (d)  a  sectional  elevation.  This  is  a 
rigid,  rectangular  wooden  framework  that  is  attached  to  the 
machine  and  consists  of  a  top  rail  a  and  a  bottom  rail  a, 


Fio.  7 

connected  by  a  wo^>den  bar,  similar  to  //,,  at  t-mh  rud.  Iron 
pins  a,  extend  from  the  top  rail  to  fli*'  boftoin  fail,  fiffinj^ 
into  sockets  in  each  rail;  they  an;  j;lar#«J  ;{  pju:,  to  ih<;  in*  )i. 
Directly  in  front  of  the  top  lAn  rail  i^  a  wooH«ii  l>lo<  k  //  that 
has  securely  fitted  into  it  pin^  //,  t|j;it  tttr  twi"*  a^  f.n  aj>art 
as  the  pins  in  the  pin  rail,  'i  Ije  lowf  «ij']^  /J  tli«-j>#!  j/in^. 
instead  of  fitting  into  another  blo«  k,  aie  Hatt<  n^/J  a»j/j  ^pr*  wi 
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with  a  notch  cut  in  each,  thus  forming  a  fork  ^,.  The 
wooden  block  b  is  mounted  on  a  stud,  similar  to  r,  at  each  side 
of  the  machine;  these  studs  are  below  the  center  of  gravity 
of  the  block,  so  that  when  out  of  use  it  automatically  falls 
into  the  position  shown  in  dotted  lines,  raising  the  pins  bx 
out  of  contact  with  the  yarn.  Usually  the  pin  lease  must  be 
taken  in  groups  of  4  ends,  in  which  case  the  yarn  is  threaded 
between  the  pins  of  the  pin  rail  in  groups  of  4  ends.  In  order 
that  all  parts  may  be  clearly  seen  only  one  end  is  shown 
as  passing  between  each  two  pins  in  the  pin  rail  in  Fig.  7  {a). 
When  the  correct  length  has  been  warped  and  it  is  necessary 
to  insert  a  pin  lease,  the  block  b  is  turned  from  the  position 
shown  in  dotted  lines  to  the  position  shown  in  full  lines,  thus 
moving  the  forked  pins  downwards  so  as  to  press  on  those 
groups  of  yam  that  pass  through  alternate  spaces  in  the  pin 
rail.  By  this  means  alternate  groups  of  4  ends  can  be 
pressed  below  the  normal  level  of  the  yarn,  thus  forming  a 
shed  through  which  the  lease  band  may  be  passed.  The 
wooden  block  b  is  then  turned  into  the  position  shown  by  the 
dotted  lines  and  moved  sidewise  a  distance  equal  to  that 
between  two  pins  in  the  pin  rail,  and  again  turned  down.  In 
this  case,  it  will  press  down  those  groups  of  ends  that  were 
left  up  before  and  form  another  shed,  through  which  the  lease 
band  is  passed  and  its  ends  tied  to  the  ends  of  the  band 
previously  inserted,  thus  giving  a  means  of  dividing  the 
warp  into  groups  of  4  ends  after  it  has  been  passed  through 
succeeding  processes. 

1 2.  After  the  lease  has  been  taken,  the  warper  tender 
starts  the  machine  slowly  until  the  portion  of  the  chain  con- 
taining the  lease  bands  passes  forwards  and  arrives  at  the 
rear  of  the  linker  head.  The  machine  is  then  stopped  and 
the  tender  raises  the  weight  arms  w,,  Figs.  2  and  8,  together 
with  the  weight  ;;/«,  by  pulling  down  the  cord  w,  far  enough 
to  allow  the  hook  at  its  lower  end  to  be  caught  under  a  suit- 
able portion  of  the  framework  of  the  head;  this  raises  the 
weight  and  levers  high  enough  to  remove  the  entire  pres- 
sure of  the  weight  from  the  top  calender  roll  m.     After  this 
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has  been  accomplished,  the  linker  head  is  thrown  out  of 
gear,  so  that  the  chain  will  not  be  linked  until  after  the  lease 
band  has  passed  through  the  guide  tube  /,  by  turning  the 
collar  w  with  the  handles  Wx  in  the  required  direction  to 
relieve  the  pressure  of  the  collar  w^  against  the  hub  of  the 
gear  r.  The  attendant  then  starts  the  machine  slowly  with 
one  hand  and  with  the  other  draws  the  chain  through  the 
calender  rolls  w,  Wi  and  the  guide  tube  p  until  the  lease  band 
has  passed  through  the  guide  tube,  after  which  the  linker 
head  is  put  into  gear  and  the  machine  is  allowed  to  run  until 
another  lease  is  to  be  taken,  when  the  operation  previously 
described  is  repeated.         

ROL.L.8 

13.  The  measuring  roll  h,  Figs.  2  and  o,  is  a  hollow, 
cast-iron,  cloth-covered  roll,  24  inches  in  circumference. 
Immediately  above  it,  with  its  ends  revolving  between  ver- 
tical guides,  is  another  cast-iron,  cloth-covered  roll  //,  of  the 
same  size,  that  presses  heavily  on  the  measuring  roll  so  as  to 
grip  each  warp  end  and  thus  draw  the  yarn  at  an  even  rate 
from  the  spools  in  the  creels.  The  upper  roll,  which  is  not 
shown  in  Fig.  3,  is  driven  by  friction  from  the  lower  one, 
and  the  object  of  covering  both  with  cloth  is  to  prevent 
damage  to  the  ends  of  yarn  and  yet  secure  sufficient  pres- 
sure to  draw  them  evenly.  The  return  roll  j  is  a  plain  iron 
roll.  The  lower  flanged  calender  roll  ;;/,  is  on  the  shaft ;;/,; 
the  upper  one  ;;/  is  a  small  leather-covered  roll  supported  in 
position  by  suitable  vertical  guides  and  weighted  by  means 
of  levers  similar  to  ;;/,,  which  carry  a  weight  m^.  When  the 
machine  is  in  operation,  the  upper  roll  is  held  down  by 
means  of  the  weighted  levers,  so  as  to  secure  a  sufficient  pull 
on  the  chain  passing  between  the  two  rolls;  but,  when  so 
desired,  the  weight  and  levers  can  be  raised  by  pulling 
a  cord,  thus  removing  any  tension  on  the  warp  and  prevent- 
ing its  being  carried  forwards.  Between  the  return  roll  j 
and  the  calender  rolls  ;;/,;;/,  is  an  arched  rod  k  and  an 
inverted  fork  k^  to  collect  the  sheet  of  yarn  into  a  chain 
immediately  before  it  passes  between  the  calender  rolls. 
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As  the  yarn  leaves  the  calender  rolls,  it  may  be  allowed  to 
fall,  without  being  linked,  into  a  bag  suspended  by  books; 
or  it  may  be  passed  through  a  linker  and  put  up  in  linked 
form,  thence  falling  into  a  bag  or  other  receptacle,  or  being 
deposited  in  a  pile  on  a  piece  of  burlap  on  the  floor  until 
the  chain  has  been  completed,  when  it  is  coiled  up  and  tied 
ready  for  baling.  Besides  these  forms,  the  chain  may  be 
conducted  to  a  balling  attachment  and  wound  in  the  form 
of  a  ball  without  being  linked. 
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14.  A  linker  is  an  attachment  applied  to  a  warper  for 
the  purpose  of  making  links  in  the  chain,  and  may  be  either 
a  single  or  a  double  linker.  A  single  linker  makes  a  link  of 
three  thicknesses  of  the  chain,  while  with  a  double  linker 
five  thicknesses  of  chain  form  the  link.  In  other  words,  in 
single  links  the  chain  is  reduced  to  about  one-third  its  length, 
and  in  double  links  to  about  one-fifth  its  length.  Single 
linkers  are  now  seldom  used,  as  the  double  linkers  are 
considered  better. 

The  linker  on  the  machine  under  description  is  of  the 
double-linker  type  and  is  shown  in  perspective  in  Figs.  1 
and  8.  It  is  attached  to  the  front  of  the  warper,  as  shown 
in  Figs.  1,  2,  and  3,  and  consists  mainly  of  the  framework  «, 
Fig.  8,  for  supporting  the  various  parts,  such  as  the  calender 
rolls  m,  w,,  the  guide  tube  p,  the  necessary  hooks,  etc.,  for 
linking  the  chain,  and  the  driving  mechanism  for  operating 
the  various  parts  of  the  head. 

The  guide  tube  p  moves  in  and  out  around  two  pairs  of 
hooked  arms  q,  qx  and  hooks  ^„  q^  in  the  form  of  a  figure  8. 
Four  positions  of  the  tube,  arms,  and  hooks,  together  with 
the  chain  as  it  is  operated  on  by  them,  are  shown  in  Fig.  9 
\a)y  {d)y  (f),  and  (d).  In  Fig.  9  (a),  the  tube  is  midway 
between  the  hooked  arms  q,  qx  and  is  ready  to  start  on  its 
outward  movement  so  that  it  may  pass  around  the  hooked 
arms  </,,  as  shown  in  Fig.  9  (^).  Fig.  9  (f)  shows  the  tube 
in  position  midway  between  the  arms  ^,  qx  ready  to  start  on 
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its  outward  movement  so  as  to  pass  out  around  the  arms  q, 
as  shown  in  Fig.  9  (</).  While  the  lower  end  of  the  guide 
tube  p  is  moving  about  in  this  manner,  the  chain  is  being 
delivered  continuously  from  the  calender  rolls,  so  that  it  is 
laid  around  the  hooked  arms  q,  q^  and  operated  on  by  the 
hooks  ^a>  q*i  thus  linking  the  chain  of  ends  as  shown. 

15,  The  linker  head  is  driven  from  the  gear  r,  as  shown 
in  Fig.  8.  This  gear  drives  the  gear  r,  and  the  cams  5,  j,;  Tx 
in  turn,  meshes  with  the  gear  r„  which  meshes  with  the 
gear  r,  situated  on  the  shaft  r*.  This  shaft  passes  through 
the  head  and  carries  at  each  end  a  hand  wheel  r.,  r..  These 
wheels  serve  the  purpose  of  crank-wheels  as  well,  for  one  of 
the  spokes  of  each  wheel  carries  an  enlargement  in  which  a 
short  stud  is  placed  to  form  a  connection  for  the  connecting- 
rod  r«,  which  is  connected  at  the  opposite  end  by  means  of  a 
similar  stud  to  the  lever  r,  setscrewed  to  a  short  shaft  r,o.  As 
the  wheels  revolve,  a  reciprocating  motion  is  imparted  to 
the  shafts  r^o.  At  the  inner^end^  of  each  shaft  is  attached  a 
long  lever  r^  that  projects  upwards,  as  shawn  in  Figs.  8 
and  10  {a)  and  {b)\  these  levers  operate  the  hooks  ^„  ^,. 
Fig.  \0{a)  and  {b)  shows  interior  sectional  elevations  of  the 
mechanism  operating  the  hook  ^,,  and  the  connection  between 
the  latter  and  the  shaft  rxo.  The  connections  and  operations 
of  the  hook  q^.  Fig.  8,  are  similar  to  those  of  ^,,  the  only 
difference  being  that  when  the  hook  q^  is  in  its  extreme  out- 
ward position  the  hook  q,  is  in  its  innermost  position. 

16.  Attached  to  the  framework  w,  Figs.  8  and  10  (a)  and 
(b),  on  each  side  of  the  linker  head  are  long,  slotted,  hori- 
zontal rails,  or  beds,  /,  A.  The  bed  /  carries  at  its  front  end 
the  pair  of  hooked  arms  q,  while  the  other  bed  /,  carries  the 
other  pair  of  hooked  arms  ^,.  The  bed  /,  and  arms  q^  are 
shown  in  Fi<y.  8.  The  hook  q^.  Fig.  10,  has  a  long  shank 
running  backwards  and  is  pivoted  at  Ui  to  the  slide  «,  which 
is  so  shaped  that  a  certain  portion  of  it  fits  into  the  groove 
in  the  horizontal  bed  /;  it  is  moved  forwards  and  backwards 
alone:  this  bed  by  means  of  the  lever  ;\,,  to  which  it  is 
attached   by  means   of    a   stud   screw  u^.     As   the   shaft  r„ 
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oscillates,  a  reciprocating  motion  is  imparted  to  the  slide  u. 
Since  the  hook  ^,  is  pivoted  to  this  slide,  both  move  in 
and  out  together. 

17.  In  Fig.  10  (a),  the  hook  q^  is  shown  in  approximately 
the  same  position  as  in  Fig.  8.  When  the  slide  begins  to 
move  outwards,  the  hook  must  be  raised,  so  that  the  long 
straight  shank  will  be  in  a  horizontal  position.  The  raising 
of  the  hook  is  accomplished  by  means  of  the  pin  z/,  which  is 
supported  by  the  bracket  z/„  coming  in  contact  with  the 
inclined  portion  of  the  hook  shank  near  the  point  at  which 
it  is  pivoted.  As  the  slide  u  moves  outwards,  as  shown  by 
the  arrow,  the  pin  v  gradually  forces  down  the  inner  end  of 
the  hook  and  consequently  raises  the  outer  end  until  the 
pin  V  projects  into  the  horizontal  slot  q^,  thus  causing  the 
hook,  together  with  its  long,  straight  shank,  to  occupy  a 
horizontal  position  while  moving  outwards.  The  hook,  as 
it  moves  outwards,  is  in  the  proper  position  to  allow  the 
grooved  part,  which  is  shaped  as  shown  in  Fig.  8,  to  pass 
on  to  the  horizontal  prongs  of  the  hooked  arms  q,  as  shown 
in  Fig.  10  (b).  This  passage  takes  place  just  before  the 
pin  V  leaves  the  slot  q^.  With  its  outer  end  retained  in  this 
manner,  the  hook  will  occupy  a  horizontal  position  until  it 
has  moved  outwards  a  sufficient  distance  to  allow  the  open- 
ing ^s  to  pass  over  the  horizontal  prongs  of  the  hooked 
arms  ^,  thus  allowing  the  outer  end  to  drop,  as  there  is 
nothing  to  hold  it  in  place.  The  extreme  outward  move- 
ment of  the  hook  is  completed  at  this  point  and  it  now 
returns  and  assumes  its  innermost  position.  This  move- 
ment is  accomplished  by  the  backward  movement  of  the 
upper  end  of  the  lever  r^j.  As  the  hook  moves  inwards, 
the  lower  edge  of  the  inclined  portion  of  the  shank  near  the 
pivot  Ui  comes  in  contact  with  the  pin  v  and  forces  it  into  its 
supporting  bracket,  thus  allowing  the  hook  to  pass  beyond 
and  the  pin  to  protrude  from  the  bracket  again.  Thus  it 
will  be  seen  that  the  pin  has  a  slight  lateral  movement*  being 
caused  to  project  from  its  supporting  bracket  by  a  spring. 
When  the  backward  movement  is  completed,  the  lever  r.. 
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starts  to  move  forwards  again,  carrying:  with  it  the  hook  q^  so 
that  the  pin  v  again  comes  in  contact  with  the  upper  edge  of 
the  short  incline  of  the  hook,  thus  raising  it  into  a  horizontal 
position,  when  the  cycle  of  operations  is  again  repeated. 
This  movement  continues,  in  order  that  the  chain  may  be 
linked  as  it  is  delivered  by  the  guide  tube. 

As  the  hook  q^  moves  inwards,  it  carries  a  portion  of  the 
chain  with  it,  as  shown  in  the  first  position.  Fig.  9  {a)\  then 
as  the  hook  starts  to  move  outwards  the  portion  of  the 
chain  that  was  carried  back  is  carried  forwards,  as  shown  in 
the  second  position,  Fig.  9  (^),  and  finally  passed  over  the 
prongs  of  the  hooked  arms  q,  and  drops  with  the  hook  q^,  as 
shown  in  the  third  position,  Fig.  9  (r).  The  hook  now  starts 
to  move  backwards,  and  as  it  does,  the  portion  of  the  chain 
that  has  thus  been  acted  on  comes  in  contact  with  the  lower 
front  part  of  the  pair  of  hooked  arms  ^,  where  it  is  retained, 
as  the  space  between  these  is  not  large  enough  to  allow  it  to 
pass.  It  remains  in  this  position  until  the  end  of  the  grooved 
part  of  the  hook  has  passed  and  allows  it  to  drop.  As 
the  hook  contihues  its  inward  movement,  it  catches  the 
portion  of  the  chain  that  rests  over  the  arms  q  and  carries  it 
backwards,  as  shown  in  the  fourth  position,  Fig.  9  (a^),  until 
it  occupies  the  position  of  the  chain  shown  in  the  first 
position,  Fig.  9  (a).  While  this  hook  has  been  at  work,  the 
hook  on  the  opposite  side  of  the  head  has  been  working  in  a 
similar  manner,  except  that  it  reaches  its  extreme  outward 
position  when  the  first  one  has  reached  its  innermost  position, 
and  vice  versa.  The  guide  tube  p  has  also  been  at  work 
during  these  operations,  laying  the  chain  around  the  hooked 
arms  ^,  q^,  so  that  it  is  in  the  correct  position  to  be  acted  on 
by  the  hooks  q^,  q^. 

'  18.  The  guide  tube  p.  Fig.  8,  is  operated  by  means  of 
the  cams  j,  Sx  and  a  combination  of  slides  and  levers.  It  is 
attached  to  the  framework  ;/  near  its  upper  end  by  a  swing- 
ing hinge,  which  is  operated  by  means  of  the  sliding  bar  j„ 
the  cam-bowl  ^„  and  the  cam  s,  so  that  it  has  a  side  move- 
ment due  to  the  shape  of  the  cam-course.  The  inward  and 
88—27 
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outward  movement  is  accomplished  by  the  cam  5i,  which 
operates,  through  a  combination  of  levers,  the  pin  /,  that 
pushes  out  the  tube  and  draws  it  in  again.  This  pin  passes 
through  a  wire  loop/i,  which  is  attached  to  the  guide  tube. 
The  combined  action  of  the  cams  s,  Ji,  together  with  their 
connections  with  the  guide  tube  p^  is  such  as  to  cause  the 
lower  end  of  the  guide  tube  to  move  in  a  path  around  the 
hooked  arms  g^  Qx  corresponding  to  the  shape  of  a  figure  8. 

19.  The  linker  head  can  be  thrown  in  or  out  of  gear 
while  the  machine  is  running  by  tiu"ning  the  collar  w.  Fig.  8, 
by  means  of  the  handles  a/i.  Throwing  the  linker  out  of  gear 
does  not  stop  the  delivery  of  the  chain,  as  the  calender  rolls 
continue  to  revolve  as  long  as  the  remainder  of  the  machine 
is  in  operation;  it  merely  stops  the  linking  mechanism  so 
that  the  chain  is  delivered  without  being  linked.  The  collar  w 
is  threaded  on  the  inside  and  works  in  a  short  thread  on  the 
shaft  /;/,.  The  outer  end  of  the  shaft  w„  as  shown,  carries 
a  collar  w^  that  is  firmly  setscrewed  to  it;  the  position  of 
this  collar  governs  the  extreme  outward  movement  of  the 
threaded  collar  w.  On  the  same  shaft  with  these  two  collars 
is  a  long  collar,  or  sleeve,  a^„  one  end  of  which  is  in  close 
proximity  to  the  collar  w,  and  the  other  to  the  hub  of  the 
gear  r  when  the  head  is  out  of  gear.  Fastened  to  the  shaft 
on  the  opposite  side  of  this  gear  is  a  small  collar  7t\,  When 
it  is  desired  to  throw  the  head  into  gear,  the  collar  w  is 
turned  by  means  of  the  handles  so  that  it  is  moved  toward 
the  framework  n.  Moving  the  collar  in  this  direction  forces 
the  sleeve  iV:,  toward  the  gear,  and  a  continued  movement 
forces  the  gear  slightly  nearer  the  framework  until  it  is  firmly 
held  between  the  collar  it\  and  the  sleeve  zz/,,  thus  causing  it 
to  revolve  with  the  shaft  ;;/,  until  the  pressure  is  relieved  by 
turning  the  collar  7v  in  the  opposite  direction.  Fig.  8  shows 
the  various  parts  in  their  proper  positions  when  the  head  is 
in  gear. 

The  roll  y.  Figs.  8  and  9  (^),  simply  serves  as  a  guide  roll 
to  guide  the  chain  as  it  passes  downwards  after  it  has  been 
linked.     It  is  driven  by  a  small  band  from  a  grooved  pulley 
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on  the  shaft  wi,.  As  the  chain  passes  the  guide  roll  y^  it  is 
usually  deposited  on  a  piece  of  burlap  spread  on  the  floor  for 
that  purpose;  after  the  chain  has  been  completed,  it  is  ready  to 
be  coiled  and  baled,  or  put  up  in  any  other  convenient  man- 
ner. Sometimes  it  is  delivered  directly  into  bags  or  trucks. 
Linked  chains  are  not  made  to  such  an  extent  at  present  as 
formerly,  the  tendency  being  more  toward  the  production  of 
balled  chains. 


BAL.L.1NG    ATTACHMENT 

20.  In  case  it  is  desired  to  ball  the  chain  instead  of 
linking  it,  the  yarn  after  passing  through  the  calender 
rolls  m,  nix.  Fig.  2,  is  carried  downwards  at  an  angle  under 
the  warper,  through  a  guide,  around  a  return  wheel,  and 
thence  forwards  to  a  ballings  attachment  fastened  to  the 
floor  at  the  front  of  the 
machine.  The  return 
wheel  is  usually  situated 
about  midway  between 
the  upright  standards  of 
the  machine  when  only 
one  balling  attachment 
is  applied.  As  is  shown 
in  Fig.  11,  it  consists 
of  the  bed  a  that  is 
securely  fastened  to  the 
floor,  the  stand  a^  fast- 
ened to  the  bed  and 
supporting  the  return 
wheel  b,  and  an  adjust- 
able guide  bx. 

The  balling  attach- 
ment proper  is  similar 
to  that  used  on  the  ordi- 
nary type  of  balling  warper  so  far  as  the  main  mechanism 
and  construction  are  concerned;  the  principal  difference  is  in 
the  method  of  driving.  The  attachment  shown  in  Fig.  12  is 
the  type  generally  used  in  connection  with  the  Denn  warper 
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for  making  balled  chains.  It  is  driven  from  the  large  sprocket 
gear  m.  on  the  shaft  /«„  Fig.  3,  by  means  of  a  chain  driving 
a  small  sprocket  gear,  as  shown  in  Fig.  12.  In  this  case  no 
slow-motion  mechanism  is  applied,  the  balling  attachment 
"being  positively  driven  at  a  uniform  speed. 


MEASURING    MOTION 

21.  As  the  chains  must  always  be  made  of  a  specified 
length  and  usually  consist  of  a  definite  number  of  cuts,  at 
the  completion  of  some  of  which  lease  bands  must  be 
inserted,  it  is  necessary  to  have  some  arrangement  on  the 
Denn  warper  to  indicate  when  the  required  length  for  each 
cut  has  been  warped,  when  lease  bands  should  be  inserted, 
and  also  when  the  entire  chain  has  been  completed.  In 
addition  to  notifying  the  operator  at  these  points,  it  is  of 
advantage  to  have  the  machine  stop  automatically,  because 
of  the  necessity  of  inserting  lease  or  cut  bands  at  certain 
places. 

The  details  of  the  measuring  motion  are  shown  in  Figs.  13 
and  14;  the  single-threaded  worm  ^4,  also  shown  in  Fig.  3,  on 
the  cross-shaft  e^  drives  the  worm-gear  ^.,  which  in  the 
machine  under  description  has  78  teeth  and  is  on  the  same 
shaft  with  the  gear  //.  of  27  teeth;  //,  drives,  through  a  car- 
rier gear,  the  gear  //,  of  78  teeth,  which  is  fastened  on  the 
shaft  h^  known  as  the  striker  shaft.  The  gears  ^.,  //«,  //,  are 
change  gears  that  must  be  altered  when  it  is  required  to 
measure  different  lengths  between  cut  marks,  between  lease 
bands,  and  for  the  entire  warp.  On  the  same  shaft  with  the 
gear  //,  is  a  collar  that  carries  a  pin  ^„  which  at  a  certain  point 
in  the  revolution  of  the  gear  h,  presses  against  the  end  of 
a  wire  rod  h,o  carrying  a  bell  ^„.  This  pressure  is  not 
removed  until  the  pin  is  carried  around  far  enough  to  release 
the  end  of  the  rod  h^o,  which  is  then  pulled  back  sud- 
denly by  means  of  the  spring  //,„  consequently  ringing  the 
bell;  the  curves  in  the  wire  supporting  the  bell  tend  to  pro- 
long the  vibrations  and  intensify  the  sounding  of  the  alarm. 
This  takes  place  at  the  end  of  each  cut. 
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22,  At  the  same  time  that  the  bell  is  sounded,  a  pin  i 
that  is  attached  to  the  striker  shaft  h,  in  a  similar  manner  to 
the  pin  A„  moves  the  disk  t\  a  distance  of  1  tooth.  This 
disk  is  mounted  on  a  short  stud  and  consists  of  a  plate  with 
ratchet  teeth  on  its  outer  edge  and  a  series  of  holes  arranged 


Pig.  14 


in  a  circle  in  its  inner  part.  Around  the  hub  of  the  disk  is 
wound  a  cord,  or  strap,  /,  that  passes  upwards  over  a  pulley 
and  carries  at  its  other  end  a  weight  /,;  the  tendency  of  the 
disk,  therefore,  when  released,  is  to  revolve  in  the  opposite 
direction  to  that  in  which  it  is  moved  by  the  operation  of 
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the  pin,  because  the  pressure,  or  pull,  of  the  weight  tends 
to  unwind  the  cord  /,  from  its  hub.     The  pawl  /«  is  held  in 
contact  with  the  teeth  of  the  disk  by  means  of  a  spring,  and 
holds  it  in  position  after  the  pin  moves  it  forwards  1  tooth  at 
each  revolution  of  the  striker  shaft  //..     Hanging  from  the 
stud  on  which  the  disk  /\  is  mounted  is  a  long  arm  z.  with 
its  lower  end  resting  loosely  on  the  pawl  Z*.     A  pin  /',  may 
be  placed  in  any  one  of  the  31  holes  of  the  disk,  its  position 
determining   the    number   of  •  cuts   required   between   lease 
bands.     In  case  there  should  be  16  cuts  between  leases,  the 
pin  is  placed  in  hole  number  16^  as  shown  in  Fig.  14.    When 
the  striker  shaft  has  made  16  revolutions,  it  will  have  moved 
the  disk  16  teeth  and  brought  this  pin  in  contact  with  the 
hanging  arm  /,.     This  will  press  down  the  arm  and  with  it 
the  pawl  until  they  occupy  the  positions   shown   in  dotted 
lines   in    Fig.    14;    the  arm    in    this    case    rests    against  an 
enlarged  portion  of  the  pawl,  thus  holding  it  entirely  out 
of  contact  with  the  disk.     When  this  takes  place  there  is 
nothing  to  prevent  the  disk  revolving  backwards  in  conse- 
quence of  the  pull  of  the  weight  i\.     It  continues  its  back- 
ward   movement   until    the    pin  z,   strikes  the    arm    /,    and 
removes  it  from  the  projection  on  the  pawl  i\,  which  allows 
the   pawl  to   come  in  contact  with  one  of  the  teeth  of   the 
disk  /,,  thus  preventing  its  turning  any  farther  in  this  direc- 
tion.    The  pawl   stops   the  disk  in  the   proper  position  for 
starting    another  chain.     This    backward   movement  of  the 
disk   allows   the  cord   /,  to   be  unwound  from   its  hub   and 
the  pin  /„  to  come  in  contact  with  one  end  of  the  lever  /„ 
thus  causing  the  opposite  end,  which  carries  a  hammer  /\o, 
to  rise  and  strike  the  j^ong  A,.     This  notifies  the  operator 
that  the  required  number  of  cuts  has  been  warped,  when  he 
should  stop  the  machine  and  insert  the  lease  bands. 

23.  In  the  later  styles  of  Dcnn  warpers,  which  are  supn 
plied  with  electrical  stop-motions  to  stop  the  machine  in  case 
of  the  breakajje  of  an  end,  electricity  is  also  applied  to  the 
measuring  motion,  by  using  a  rack  in  place  of  the  disk.  The 
striker  shaft  moves  the  rack  1  tooth  at  the  completion  of  each 
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cut,  as  in  the  case  of  the  measuring;  motion  with  the  circular 
disk;  but  when  the  rack  has  been  moved  a  sufficient  distance 
to  bring  a  projecting  rod  situated  at  the  end  of  the  rack 
against  another  rod  attached  to  a  stationary  part  of  the 
machine,  an  electric  bell  is  rung  to  notify  the  attendant,  and 
the  warper  is  stopped  automatically.  The  advantage  of  this 
is  that  in  the  event  of  the  attendant  being  otherwise  engaged 
or  inattentive,  if  the  complete  length  of  chain  has  been  made, 
the  machine  stops  automatically  and  thus  prevents  the  for- 
mation of  a  longer  chain  than  is  required,  as  happens  with 
the  arrangement  shown  in  Fig.  13,  which  merely  rings  the 
gong  and  does  not  stop  the  machine. 


CAXCITLATIONS 

24.  Calculations  for  Measuring:  Motion. — The  cal- 
culations necessary  for  the  Denn  warper  are  limited  as  com- 
pared with  those  for  other  textile  machines.  The  only  ones 
of  importance  are  for  the  measuring  motion  and  the  weight 
of  the  chain. 

25.  To  find  the  number  of  yards  in  a  cut  when  the  cir- 
cumference of  the  measuring  roll,  the  connecting  gearing 
between  the  measuring  roll  and  the  driving  shaft,  and  the 
sizes  of  the  gears  in  the  measuring  motion  are  known: 

Rule. — Considering  the  gear  oji  the  end  of  the  measuring  roll 
as  a  driver y  multiply  tJie  circumference  of  the  measuring  roll  by 
the  product  of  the  driven  gears  and  divide  by  the  product  of  the 
driving  gears  multiplied  by  36  {the  number  of  inches  in  1  yard). 

Example. — Find  the  number  of  yards  in  a  cut  for  a  warper  geared 
as  shown  in  Figs.  3  and  13. 

24  X  18  X  26  X  78  X  78       -^  ^.     ,  ^       . 

SOLUTION.-    -^^^2^^---^^- =  50.074  yd.  per  cut.    Aos. 

26.  The  length  of  cut  desired  may  sometimes  require 
that  only  one  of  the  change  gears  ^.,  ^.,  ^f,  Fig.  13,  be 
changed,  while  in  other  instances  two  or  even  the  entire 
three  gears  must  be  changed.  To  calculate  the  change  gear, 
a  constant  may  be  found  for  any  one  of  these  gears. 
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To  find  the  constant  for  finding  the  length  of  a  cut  or  the 
size  of  the  gear  required  to  produce  a  cut  of  a  given  length, 
the  sizes  of  the  various  gears  being  known: 

Rule. — Apply  the  rule  for  finding  the  number  of  yards  in  a 
cut,  considering  the  change  gear  as  having  1  tooth. 

Example  1. — Find  the  constant  for  the  measuring  motion  according 
to  the  gearing  in  Figs.  3  and  13,  considering  the  gear  h^  as  the  change 
gear. 

^  24  X  18  X  26  X  78  X  78       ,  „-^  *     *      a 

SOLUTION.-    -54-X26X1X1X36    =  ^''^^^  ^°°^*^°*-    ^' 

Example  2. — Find  the  constant  for  the  measuring  motion  according 

to  the  gearing  in  Figs.  3  and  13,  considering  the  gear  A,  as  the  change 

gear. 

24X18X26X78X1         ^^^  *     *      a 

SOLUTION.-    ^^^^_--_  ^--3^  =  .6419,  constant.    Ans. 

In  example  1,  the  constant  is  a  constant  dividend, 
while  in  example  2  it  is  a  constant  factor. 

27,     To  find   the  number  of   yards  in  a  cut  when  the 

constant  is  a  constant  dividend. 

Rule  I. — Divide  the  constant  by  the  size  of  the  change  gear. 

Example  1." — Find  the  number  of  yards  in  a  cut  with  a  27-tooth 
change  gear  at  //«  when  the  constant  is  1,352. 

Solution. —    1,352  -^  27  =  50.074  yd.  per  cut.     Ans. 

To  find  the  number  of  yards  in  a  cut  when  the  constant 
is  a  constant  factor. 

Rule  II. — Multiply  the  size  of  the  change  gear  by  tJie  constant. 

Example  2. — Find  the  number  of  yards  in  a  cut  with  a  78-tooth 
chanj^e  gear  at  h,  when  the  constant  is  .6419. 

vSoLUTiON.—     78  X  .6419  =  50.0^>8  yd.  per  cut.     Ans. 

To  find  the  size  of  the  chang^e  g^ear  required  at  h^  when  the 
constant  dividend  and  the  number  of  yards  in  a  cut  are  known: 

Rule  III. — Divide  the  coiistant  dividetid  by  tJie  nujnber  of 

yards  in  the  cut. 

Example  8.  — Find  the  size  of  the  change  gear  required  at  A,  to 
produce  a  50.074-yard  cut  when  the  constant  is  1,.352. 

Solution. —     1,352  -t-  50.074  =  27-tooth  change  gear.     Ans. 
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To  find  the  size  of  the  change  gear  required  at  kr  when  the 
constant  factor  and  the  number  of  yards  in  a  cut  are  known: 

Rule  IT. — Divide  the  number  of  yards  in  a  cut  by  the 
constant, 

ExAMPLB  4.— Find  the  size  of  the  change  gear  required  at  A,  to 
produce  a  50.074-yard  cut  when  the  constant  is  .6419. 

Solution.—    50.074  -=-  .6419  =  78.009,  a  78-tooth  chang^e  gear.  Ans. 

28,  Calculations  for  Weight  of  Chain.— To  find  the 
weight  of  a  chain  when  the  total  length  of  the  chain,  in 
yards,  the  number  of  ends  in  the  chain,  and  the  ply  and 
counts  of  the  yarn  are  known: 

Rule. — Divide  the  product  of  the  total  lengthy  in  yards,  the 
total  number  of  ends  in  the  chain,  and  the  ply  of  the  yarn  by  the 
product  of  the  number  of  yards  in  a  hank  and  the  counts  of 
the  single  yam  that  constitutes  the  ply  yarn. 

Example.— Find  the  weight  of  a  10,000-yard  chain  that  contains 
2,250  ends  of  2-ply  20s. 

10  000  X  2  *^oO  X  2 
Solution.—    — '- —       ^\^ =  2,678.571  lb.,  total  weight  of  the 

chain.    Ans. 


ELECTRICAL    STOP-MOTIONS    AND    ANNUNCIATORS 

29.     Fundamental     Principles    of     Electricity. — A 

principle  that  is  now  frequently  applied  to  warping  machines 
of  certain  makes  is  that  of  automatically  stopping  the 
machine  through  the  use  of  electricity.  But  before  con- 
sidering electric  stop-motions,  it  is  necessary  to  give 
some  attention  to  certain  laws  of  electricity  that  make  it 
possible  to  apply  this  class  of  stop-motions  to  cotton-mill 
machinery.  The  electric  current  must  always  be  generated 
by  some  suitable  mechanism,  which  for  stop-motions  on 
warpers  generally  consists  of  a  dynamo  placed  in  some  suita- 
ble position  with  relation  to  the  machine.  If  suitable  con- 
nections are  made,  an  electric  current  will  flow  from  the 
dynamo  through  the  connections  back  to  the  dynamo,  form- 
ing what  is  known  as  a  circuit.  In  order  to  have  a  current 
of  electricity,  there  must  always  be  a  complete  route,  or 
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circuit,  from  the  source  of  the  electric  current,  through  the 
various  connections,  back  to  the  place  from  which  it  started. 
If  there  is  more  than  one  route  that  the  current  can  follow, 
it  will  divide  into  two  or  more  currents,  but  the  maxi- 
mum current  will  always  flow  through  the  path  of  the  least 
resistance.  If  for  any  reason  the  circuit  is  broken,  the  flow 
of  electricity  will  stop.  The  two  ends,  at  any  place  where  the 
circuit  is  interrupted,  are  known  as  tenninalsy  one  of  which 
is  termed  positive  and  the  other  negative.  The  terminal  from 
which  the  current  would  flow,  if  connected  with  the  other 
terminal,  is  called  positive,  while  the  other  terminal,  into 
which  the  current  would  flow  from  the  positive  terminal,  is 
called  negative. 

Substances  are  divided  into  two  classes  according  to  the 
resistance  they  offer  to  the  flow  of   electricity,  known  as 
conductors  and  non-conductors;    the  former  consist  of 
those    substances    through    which    an    electric   current  can 
readily  pass,  such  as  metals,  while  the  latter  comprise  sub- 
stances   that   offer    great    resistance    to    the    flow,    as,  for 
instance,   glass,   silk,   cotton,   etc.      When    two    conductors 
come    in   contact,   the   current   readily  flows    from    one  to 
the  other.      If  it  is  desired  to  prevent  this  flow,  they  must 
be    separated    by  letting  air  or  some   substance   that  is  a 
non-conductor  intervene   between  them;  they  are  then  said 
to  be  ijisulatcd.     If,  while  insulated,  it  is  desired,  at  times, 
to  establish  a  connection  between  them,  a  device,  such  as  a 
switch,   is  interposed  between  the  terminals.      As  long  as 
the  terminals  of  a  circuit,  connected  with  a  dynamo  in  opera- 
tion, remain  insulated,  no  current  will  pass  through  the  cir- 
cuit.    The  terminals  are  then  said  to  be  charged,  as  they  are 
ready  to  establish  a  current  the  moment  a  contact  is  made. 

If  a  piece  of  soft  iron  is  surrounded  by  coils  of  wire 
through  which  an  electric  current  passes,  the  iron  becomes 
magnetized  and  has  the  power  of  attracting  certain  other 
metals,  such  as  iron  and  steel.  A  piece  of  iron  magnetized  in 
this  manner  is  known  as  an  eloctromapfnet.  This  magnet 
must  be  supported  by  a  suitable  part  of  the  machine  and  con- 
nected to  a  dynamo  or  some  other  source  of  electrical  energy. 
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30.  stop-Motions. — In  the  latest  styles  of  Denn  warpers, 
electrical  stop-motions  are  extensively  used  in  place  of 
he  mechanical.  Under  certain  circumstances  the  electrical 
notion  is  simpler  and  more  effective.  In  case  the  electric 
jtop-motion  is  applied  to  stop  the  machine  when  an  end 
Dreaks,  it  is  usually  applied  to  the  creels.  The  creels  used 
)n  the  machine  under  description  for  the  electrical  stop- 
notion  are  different  from  those  used  with  the  mechanical 
itop-motion.  The  main  parts  for  supporting  the  spools  are 
practically  the  same,  but  the  arrangement  in  front  of  each 
vertical  row  of  spools  is  like  that  shown  in  Fig.  15.  In 
iront  of  the  standards  a  that  carry  the  spools  is  an  addi- 


b  h, 


:ional  wooden  ver- 
:ical  standard  a,,  to 
ivhich  are  attached 
:wo  strips,  or  bars, 
3f  copper  b,  bx  that 
extend  from  the  bot- 
tom to  the  top  of  the 
:reel.  A  drop  wire  c 
is  pivoted  on  a  screw 
in  the  bar  ^.,  so  that 
it  is  always  in  elec- 
trical contact  with 
this  bar.  The  bars 
similar  to  b^  are  con- 
nected at  the  top  by  means  of  wires,  throughout  the  entire 
2reel,  to  other  bars  running  along  the  creel  top,  so  that  they 
form  one  terminal  of  an  electrical  circuit,  while  all  the  bars 
similar  tb  b,  which  do  not  carry  drop  wires,  are  also  con- 
aected  and  thus  form  the  other  terminal.  Both  terminals 
are  connected  with  the  dynamo  by  means  of  conducting 
wires,  and  one  of  these  is  so  connected  with  the  electro- 
magnet Zy  Fig.  16,  that  whenever  a  current  is  passing 
between  the  dynamo  and  the  terminals  it  will  circulate 
around  the  electromagnet  and  energize  it. 

The  end  of  yarn  d,  Fig.  15,  passing  from  the  spool  dx  is  car- 
ried through  a  loop  r,  in  the  outer  end  of  the  drop  wire  and 
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thence  to  a  fixed  curved  guide  wire  e  screwed  into  the 
standard  a^.  The  yarn  supports  the  outer  end  of  the  drop 
wire  c  as  shown;  thus,  if  the  yarn  breaks,  this  end  falls  and 
the  curved  part,  or  shoulder,  of  the  inner  portion  is  brought  in 


contact  with  the  vertical  strip  b,  thus  connecting  the  two 
strips  b  and  b,  and  alio  wins:  the  circuit  to  be  completed.  With 
the  circuit  completed,  the  electromagnet  z,  Fig.  16,  attracts, 
or  draws  down,  the  end  of  the  lever  ^,«,  which  is  pivoted  to 
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the  lever  ^,„  so  that  the  other  end  rises  and  comes  in  the 
path  of  the  lower  end  of  the  lever  ^i„  which  results  in 
the  belt  being  shipped  from  the  tight  to  the  loose  pulley 
in  the  same  way  as  with  the  mechanical  stop-motion.  The 
reference  letters  in  Figs.  4  and  16  are  the  same  for  corre- 
sponding parts.  After  the  end  has  been  pieced  up,  the 
circuit  is  broken  again,  because  the  drop  wire  is  held  up  in 
position  by  means  of  the  yarn;  the  end  of  the  lever  e^^  that 
is  directly  over  the  electromagnet  is  therefore  allowed  to 
rise,  because  the  weight  of  the  opposite  end  is  greater,  and 
as  no  current  is  flowing  through  the  electromagnet,  the 
latter  is  inactive  and  has  no  power  to  attract  the  lever. 

31,  In  electrical  stop-motions  that  are  applied  to  stop  the 
machine  at  the  completion  of  a  cut,  when  a  lease  band  is  to 
be  inserted,  and  when  the  chain  is  complete,  the  desired 
result  is  accomplished  by  having  the  measuring  motion  so 
constructed  that  positively  and  negatively  charged  parts  are 
brought  in  contact  when  the  desired  length  has  been  run,  thus 
completing  the  circuit  and  stopping  the  machine  by  means  of 
the  magnet  in  the  same  way  as  explained  in  connection  with 
the  breaking  of  an  end. 

32,  Annunciators. — When  chains  contain  more  than 
800  ends,  an  annunciator  is  also  used  in  connection  with  the 
stop-motion  for  broken  ends,  to  indicate  the  portion  of  the 
creel  where  the  operator  can  find  the  broken  end.  The  spools 
in  the  creels  are  divided  into  a  number  of  groups,  usually  nine, 
each  with  a  certain  number  of  rows  of  spools.  The  groups  are 
numbered  to  correspond  to  a  similar  number  of  signals  in  an 
annunciator,  so  that  when  an  end  breaks  the  signal  indicating 
the  portion  of  the  creel  containing  the  broken  end  is  shown. 


WAI.COTT  WARPERS 
33.  The  Walcott  warper.  Fig.  17,  differs  from  the 
Denn  warper  mainly  in  the  arrangement  by  which  the  ends 
are  brought  downwards  from  the  creel  and  warped  at  a  short 
distance  from  the  floor,  affording  ready  access  to  the  broken 
ends.      The  yarn  passes  from  the  creel  a,  through  an  eye 
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board,  or  boleyboard,  d,  thence  over  a  measuring  roll  e,  under 
a  guide  roll  d,  and  throuy;h  the  lease  reeds  e,  I  mounted  on 
stands  secured  to  the  frame  of  the  warper.    The  sheet  of 
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ends  is  then  conducted  over  another  guide  roll  dt^  to  audi 
around  almost  ihe  entire  circumference  of  a  large  rol!  g^ 
called  a  draii  rolL     This    is   covered  with  cloth,   and,  by 
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rolls  A,  hx  being  placed  in  a  suitable  position,  is  given  so  long 
a  contact  with  the  ends  of  yarn  as  to  provide  a  steady  and 
even  pull  on  every  end,  thus  insuring  that  all  the  ends  shall,  as 
nearly  as  possible,  be  the  same  length  in  the  completed  chain. 
Thence  the  sheet  of  yarn  passes  upwards  to  the  roll  i,  and 
then  around  the  roll^,,  which  has  the  same  circumferential 
speed  as  the  draft  roll^.  Up  to  this  point  the  yam  has  been  in 
a  wide,  evenly  laid  sheet,  but  now  it  is  contracted  and  carrieii 
around  a  guide  pulley  /  and  between  the  condenser,  or  cal- 
ender, rolls  k,  k^.  The  upper  roll  k^  is  self-weighted,  i.  e.,  of 
sufficient  weight  in  itself  to  draw  the  chain  between  the  two 
rolls;  it  is  driven  by  friction  from  the  bottom  roll  k,  which  is 
driven  positively,  by  means  of  a  belt,  from  the  pulley  ^\  on 
the  end  of  the  roll^^,  the  direction  of  the  belt  being  changed 
by  means  of  guide  pulleys,  as  indicated.  The  upper  roll  can 
be  raised  when  necessary  by  a  chain  that  is  attached  to  a 
bearing  at  each  end  of  the  roll.  From  the  condenser  rolls, 
the  warp  drops  into  a  bag,  box,  or  other  suitable  receptacle. 
It  is  then  ready  to  be  put  in  proper  form  for  shipment,  or 
may  be  taken  out  and  either  linked  or  balled  by  means  of  a 
linker  or  a  balling  machine. 

Fig.  17  shows  a  Walcott  warper  without  a  stop-motion,  but 
one  can  be  applied  if  required.  A  measuring  motion  is  con- 
nected with  the  measuring  roll  as  shown  at  /.  Any  of  the 
types  of  leases  described  can  be  taken  on  this  machine  as 
well  as  on  any  other  machine.  They  are  generally  taken  by 
means  of  reeds  similar  to  Cy  /,  which  are  constructed  espe- 
cially for  this  purpose.  Walcott  warpers  are  usually  con- 
structed so  as  to  make  chains  containing  up  to  1,200  ends 
and  are  used  chiefly  for  short  chains,  although  long  chains 
can  be  made  if  required.  The  space  occupied  by  a  Walcott 
warper  with  a  creel  for  1,200  spools  is  13  feet  by  32  feet;  its 
height  is  8a  feet. 
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PROCESSES  FOLLOWING  CHAIN 
WARPING 


CONVERTING 

34.  Chains  are  generally  put  through  a  process  that 
changes  the  appearance  of  the  yarn,  either  by  dyeing,  bleach- 
ing, or  other  treatment.  The  formation  of  the  chain  produced 
by  the  warping  process  prevents  any  unnecessary  entangle- 
ment during  these  converting  processes,  and  by  means  of  the 
leases  the  relative  position  of  the  ends  is  maintained.  It  is 
usually  necessary  to  manipulate  in  various  ways  the  ends  of 
yarn  forming  the  chain  before  using  the  yam  for  the  pur- 
pose for  which  it  is  finally  intended.  The  next  process 
depends  on  whether  the  chain  is  a  short  chain  or  a  long 
chain,  and  whether  it  is  to  be  used  for  warp  or  filling.  In  the 
case  of  warp  yarn  in  a  short  chain,  the  next  process  after  con- 
verting is  dressing,  or  beaming,  to  the  loom  beam;  in  the 
case  of  warp  yarn  in  a  long  chain,  the  next  process  is  dress- 
ing, or  beaming,  to  the  section  beam;  and  in  the  case  of 
filling  yarn,  the  next  process  is  quilling. 


BEAMING 


OVERHEAD    PROCESS    OF    BEAMING 

35.     Two  principal   styles   of   dressing?,  or   beaming, 

machines  are  used,  and  the  process  is  known  variously  as 
dressing,  or  beaming,  sometimes  as  dressing  and  beaming, 
and  sometimes  as  dry  dressing;  but  as  there  are  a  number  of 
other  dressing  processes  in  the  textile  industries,  it  is  much 
better  to  speak  of  the  process  now  under  consideration  as  a 
bcamin<^  process. 

A  method  commonly  used  for  short-chain  warps  is  shown 
in  Fig:,  l'^;  it  is  usually  spoken  of  as  the  overhead  process 


( 


§96 


CHAIN  WARPING 


39 


40  CHAIN  WARPING 

of  beaming,  although  it  is  sometimes  called  Yorkshire 
dressing:,  after  the  name  of-  the  English  county  where  it  is 
widely  in  use. 

36,  Passagre  of  the  Yarn. — The  chains,  shown  in  ball 
form,  are  placed  on  the  floor  and  passed  upwards  between 
two  wooden  rolls  and  over  a  slotted  block  of  wood,  after 
which  they  are  loosely  opened  out;  if  they  contain  bunch- 
knot  leases  or  bout  leases,  they  are  usually  divided  accord- 
ingly, care  being  taken  to  arrange  the  threads  in  the  same 
relative  positions  as  they  occupied  when  being  warped.  At 
a  distance  of  several  feet  is  placed  a  framework  consisting 
of  two  stands,  or  supports,  a,a^.  Fig.  18,  and  three  or  four 
wooden  bars,  which  are  usually  either  oval  or  square  wuth  the 
edges  rounded  off  to  prevent  damaging  or  cutting  the  yarn. 
When  more  than  one  chain  is  used,  as  shown,  each  chain  is 
generally  opened  out  into  a  sheet,  so  that  the  various  ends 
will  occupy  the  same  relative  positions  as  in  the  warper;  each 
chain  is  passed  over  a  separate  bar.  After  each  sheet  has 
passed  over  its  respective  bar,  they  all  pass  downwards  and 
around  the  roll  b  and  thence  forwards  to  the  loom  beam  r. 

37.  Drivinjr. — Power  is  applied  to  the  front  section  of 
the  machine  by  a  belt  from  the  shafting  of  the  room,  which 
runs  to  the  tight-and-loosc  pulleys  ^Z,  f/,,  Fig.  18,  being  guided 
by  means  of  a  belt  fork  d^.  On  the  same  shaft  with  the  ti^ht- 
and-loose  pulleys  is  a  three-speed  step  pulley  e,  while  directly 
above  it  is  another .  three-speed  step  pulley  Cy^  on  a  short 
shaft.  On  the  same  shaft  with  the  latter  is  the  first  gear  / 
of  a  train  of  three  gears  by  which  the  beam  is  driven. 

The  step  pulleys  give  a  ready  means  of  changing  the 
speed  at  which  a  beam  revolves  and  consequently  the  speed 
at  which  the  warp  passes  through  the  machine.  The  slowest 
speed  is  obtained  by  having  the  belt  connecting  the  step 
pulleys  on  the  smallest  part  of  the  lower  step  pulley  and  the 
largest  part  of  the  upper  step  pulley;  the  fastest  speed  is 
obtained  by  putting  the  belt  on  the  largest  part  of  the  lower 
step  pulley  and  on  the  smallest  part  of  the  upper  step  pulley; 
while  an  intermediate  speed  is  obtained  by  placing  the  belt 
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on  the  middle  section  of  each  step  pulley.  In  case  the  yam 
separates  easily  and  is  of  good  quality,  the  fast  speed  is 
used;  where  a  tangled  or  tender  warp  is  being  beamed,  the 
intermediate  or  slow  speed  is  used. 

38.  Operation. — The  operator  stands  between  the  two 
sections  of  the  machine  and  operates  a  reed  with  one  hand 
and  a  brush  w^th  the  other.  The  reed  is  of  the  ordinary  type 
used  in  a  loom  and  the  ends  pass  through  the  dents  in  the 
same  order  as  leased.  If  there  are  4  ends  to  a  pin,  i.  e., 
if  the  pin  lease  separates  the  chain  into  sections  of  4  ends 
each,  then  4  ends  will  pass  through  each  dent;  if  there  are 
6  ends  to  a  pin,  then  6  ends  will  pass  through  each  dent;  and 
so  on.  The  reed  is  supported  by  the  sheet  of  ends  and  is 
moved  slightly  to  and  fro  by  the  hand  of  the  operator  so 
as  to  open  up  the  sheet  effectually  without  breakage. 

After  the  power  is  applied  and  as  the  yarn  begins  to  be 
drawn  over  the  frame  downwards  and  horizontally  toward 
the  loom  beam,  the  beamer  tender  constantly  passes  the 
brush  over  the'  surface  of  the  warp,  between  the  reed  and 
the  loom  beam;  the  individual  bristles  of  the  brush  project 
between  the  ends  and  thus  effectually  separate  them  and 
destroy  any  entanglement  that  may  have  been  caused  through 
the  dyeing  or  bleaching  or  other  converting  processes. 

The  overhead  system  of  beaming  is  used  to  some  extent  in 
the  United  States  and  quite  commonly  in  Europe,  but  only  for 
short-chain  warps. 

ENTWISTI.E    TYPE    OF    BEAMIN(i    MACHINE 

39.  A  more  common  system,  especially  for  long-chain 
warps,  although  it  can  be  used  equally  well  for  short  chains, 
is  the  Entwistle  beaming  maehlne  shown  in  Fig.  19. 
This  beamer  consists  of  two  distinct  sections — the  head,  or 
front  section,  a  and  the  tension,  or  rear,  section  b.  Between 
these  two  sections  are  a  number  of  minor  parts. 

40.  Passa|?e  of  Yarn. — A  ball  or  coil  of  chain  is 
deposited  on  the  floor  between  the  front  and  rear  sections 
and  one  end  of  it  passed  up  over  the  guide  pulley  r,  which 
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is  supported  from  the  ceiling,  downwards  at  an  angle  to  the 
lower  tension  drum  d,  then  up  between  two  of  the  guide 
rolls  of  the  set  e,  around  the  upper  tension  drum  ^„  down 


between  two  other  g:uide  rolls  and  again  around  the  lower 
tension  drum,  then  upwards  and  ag:ain  around  the  upper 
tension  drum,  from  which  it  passes  downwards  at  an  angle 
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to  the  return  roll  /,  which  is  supported  by  two  stands 
attached  to  the  floor.  From  the  return  roll  /,  the  chain 
passes  back  to  the  rear  section  b,  around  the  return  pulley  g, 
and  thence  forwards  to  the  front  section  a.  On  its  way  to 
the  front  section,  the  chain  is  opened  into  a  level  sheet  of 
ends  and  passed  through  the  swinging  reed  h  before  it 
reaches  the  expansion  comb  j  and  the  beam  k, 

41.  The  tension,  or  rear,  section  b  is  composed  of  two 
Upright  supports  ^,,  b^  that  are  connected  by  the  necessary 
rods  and  braces.  The  tension  drums  dy  dx  are  supported  by 
these  standards  and  serve  to  give  the  chain  the  necessary 
tension  so  that  it  can  be  opened  properly  and  wound  on  the 
beam  with  the  correct  amount  of  firmness.  Between  the 
standards  and  also  between  the  tension  drums  is  a  set  of 
five  small  guide  rolls  e,  which  guide  the  chain  in  its  passage 
from  the  lower  tension  drum  to  the  upper  one,  and  vice 
versa.  Directly  above  the  center  of  the  upper  surface  of  the 
top  tension  drum  is  a  small  grooved  return,  or  guide,  wheels 
from  which  the  yarn  passes  to  the  front  section. 

42.  The  head,  or  front  section,  a  is  composed  of  three 
upright  supports  ^,,  a^,  a,,  which  are  securely  fastened 
to  the  floor  and  connected  in  a  proper  manner.  The 
uprights  fl,,  «a  carry  the  bearings  for  the  beam  on  which 
the  yam  is  wound  and  also  the  expansion  comb  j\  which  is 
of  the  ordinary  construction  and  spreads  out  the  ends  in  an 
even  sheet  so  that  they  will  lie  properly  on  the  beam.  The 
beam  k  is  of  the  ordinary  construction,  such  as  is  used  in 
the  slasher  or  loom.  The  reed  h  is  usually  suspended  from 
the  ceiling  by  straps,  as  shown,  so  that  it  can  be  moved 
back  and  forth  for  a  short  distance.  Only  one  end  of  yarn 
passes  through  each  dent  of  the  reed  on  its  passage  to  the 
beam.  The  standards  ^„  a^  support  the  necessary  driving 
mechanism. 

43.  DrivlnpT. — The  driving  of  this  machine  is  accom- 
plished through  a  friction  clutch  pulley  /  so  connected  to  a 
treadle  ;;/  that  the  machine  can  be  stopped  instantly,  when 
occasion  demands.     The  friction  clutch  pulley  is  connected 
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to  the  beam  by  two  trains  of  clutch  gears,   so  that  four 
diflEerent  speeds  may  be  obtained. 

44.  Operation. — After  a  chain  has  been  placed  in  posi- 
tion between  the  front  and  rear  sections  and  passed  through 
and  around  the  various  parts  to  the  beam,  the  machine  is 
started  by  the  pressure  of  the  foot  on  the  treadle.  The 
operator  stands  in  front  of  the  beam  and  moves  the  reed  k 
to  and  fro  with  his  hands  in  order  to  eflEectually  separate  the 
threads  so  that  they  may  pass  properly  to  the  beam  without 
breaking  or  becoming  tangled. 

45.  The  floor  space  occupied  by  this  machine  is  about 
27  feet  long  by  about  8  feet  8  inches  wide.  The  driving 
pulley  is  usually  about  18  inches  in  diameter  and  is  driven 
by  means  of  a  2i-  or  3-inch  belt  at  the  rate  of  about  60  rev- 
olutions per  minute.  Measuring  clocks  are  sometimes 
applied  to  indicate  the  length  wound  on  the  beam.  Beam 
compressors  are  also  used  on  certain  occasions  so  that  the 
yarn  may  be  wound  more  firmly  on  the  beam.  This  machine 
can  be  used  for  transferring  the  yarn  to  loom  beams  for  use 
in  the  loom  or  to  section  beams  for  use  in  the  slasher. 
A  beamer  of  this  type  will  produce  about  670  pounds  of 
number  20s  yam  in  1  day  of  10  hours  with  an  allowance  of 
about  883  per  cent,  for  stoppages,  etc. 

46.  The  beaming  process  completes  the  warp  ready  for 
the  loom  on  the  short-chain  system,  except  for  the  attach- 
ing of  the  reed  and  harnesses.  On  the  long-chain  system, 
the  warp  remains  on  a  section  beam  after  the  beaming 
process  and  is  then  dealt  with  by  the  method  common  to  the 
ordinary  cotton-warp-preparation  processes — several  of  these 
section  beams  are  placed  in  a  slasher  and  there  sized  and 
run  on  to  a  loom  beam,  after  which  the  ends  are  drawn  in 
through  the  harnesses  and  reed,  when  the  warp  is  ready  for 
the  loom.  It  is  this  possibility  of  obtaining  a  very  consider- 
able length  of  yarn  on  a  section  beam  that  renders  the  long- 
chain  system  more  economical,  and  increases  its  popularity, 
especially  for  colored-goods  manufacturing. 
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CONSTRUCTION    OF    THE    QUILLING    MACHINE 

47.  The  last  process  on  the  long-chain  system  for  filling 
yarns  is  that  of  quilUn^^  in  which  the  yam  forming  the 
chain  is  wound  on  filling  bobbins^  or  quills^  ready  for  the 
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shuttle.  The  quilling  machine  consists  of  two  main  sections, 
the  quilling  machine  proper,  shown  in  Fig.  20,  being  a  sub- 
stantial framework  holding  a  series  of  spindle  rails,  usually 
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nine  in  number,  arranged  in  tiers,  with  42  spindles  in  each 
tier.  The  other  portion  of  the  apparatus  is  not  shown  in 
Fig.  20,  but  somewhat  resembles  the  rear,  or  tension,  part 
of  the  long-chain  beaming  mechanism  shown  in  Fig.  19, 
consisting  merely  of  tension  rolls  by  which  the  yam  is  held 
before  passing  to  the  quilling  machine  proper. 

The  end  standards  a,  a^  support  three  long  metal  rolls  that 
serve  to  draw  the  yarn  forwards  into  the  machine.  Only  two 
of  these  rolls  are  clearly  shown,  but  the  extreme  end  of  the 
third  can  be  seen  at  b.  The  rolls  by  b^  are  in  the  same  plane 
and  parallel,  with  only  a  slight  distance  between  them. 
They  are  held  securely  in  bearings  at  each  end,  while  the 
roll  bx  rests  on  top  of  them,  its  ends  working  in  vertical 
slides  bt.  The  yarn  passes  through  a  reed  c  that  is  situated 
directly  behind  these  rolls;  then  it  passes  over  the  roll  ^, 
under  the  roll  ^,,  and  over  the  other  roll  ^,.  The  reed  c  is 
suspended  so  that  it  can  be  moved  backwards  and  forwards 
slightly,  in  order  to  properly  separate  the  ends,  to  prevent 
breakage,  etc. 

Power  is  applied  to  the  machine  by  means  of  a  belt  dy 
which  drives  the  loose,  tight,  and  slow-motion  pulleys  d^y  ^„  //,, 
respectively,  and  is  shifted  by  a  belt  fork  actuated  by  the 
treadle  e, 

48.  The  spindles,  of  which  there  are  378  in  a  frame, 
are  shown  in  Fig.  21,  {a)  showing  a  perspective  and  (^)  a 
section  through  a  spindle  and  bobbin.  The  spindle  proper 
extends  from  /to  A,  the  whorl  /,  being  rigidly  attached  to  it. 
Immediately  above  the  whorl  is  a  small  pad  of  woolen 
felt  gy  on  which  rests  a  cap  //,  consisting  of  the  lower 
flange  //,  and  the  upper  flange  //„  in  which  is  inserted  a 
pin  //3,  the  upper  part  of  the  cap  being  extended  to  form  a 
sleeve  h^.  The  bobbin  j  rests  on  the  cap  //  and  is  driven 
either  by  having  a  slot  cut  in  its  lower  portion  to  fit  over  the 
pin  //3  or  having  a  pin  y,  in  its  base  that  comes  against  the 
pin  /fn. 

The  spindles  themselves  fit  into  recesses  prepared  for 
them  in  each  of  the  spindle  rails  ky  Fig.  20,  and  are  driven 
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by  spindle  bands  from  a 
number  of  cylinders  inside 
the  frame  that  are  driven 
from  the  main  driving  shaft. 
The  spindle  itself  is  posi- 
tively driven,  but  the  bobbin 
is  driven  from  the  cap  ^, 
Fig.  21,  which  is  supported 
by  the  piece  of  woolen  cloth 
and  receives  its  motion 
through  the  friction  between 
it  and  the  upper  part  of  the 
whorl  of  the  spindle.  This 
friction  is  sufficient  to  drive 
the  bobbin  at  such  a  speed 
as  to  take  up  all  the  yarn 
tha't  is  brought  forwards 
from  the  chain,  but  in  con- 
sequence of  the  drive  not 
being  positive,  breakage  of 
yarn  by  excessive  tension  is 
prevented. 

49.  Directly  in  front  of 
the  bobbins  are  series  of 
guide  wires  attached  to  the 
inclined  bars  /,  Fig.  20, 
which  in  turn  are  supported 
by  vertical  rods  and  actuated 
by  a  builder  motion  that 
gives  them  a  vertical  recip- 
rocating motion  correspond- 
ing to  the  length  of  traverse 
required  in  winding  the  yarn 
on  the  quills.  The  builder 
motion  used  on  this  machine 
resembles  very  closely  the 
fillingr-wind  builder  used  on 
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the  ring  spinning  frame.  The  guide  bars  /  are  raised  a  little 
higher  at  each  traverse,  thus  building  the  yarn  on  the  bobbin 
gradually  from  the  bottom  to  the  top, .so  that  it  can  be 
unwound  readily  from  the  nose  when  placed  in  the  shuttle. 
The  builder  motion  winds  slowly  in  one  direction  and  then 
returns  quickly;  thus  the  return  layer  of  yarn  binds  firmly  to 
the  quill  the  layer  of  yarn  previously  wound  and  makes  a 
hard  bobbin  suitable  for  the  weaving  process. 

The  quills  commonly  used  are  about  7  inches  in  length 
and  will  contain  about  1,900  yards  of  No.  30s  yarn.  It  will 
be  noticed  that  the  filling  does  not  come  in  contact  with  any 
portion  of  the  machine  that  tends  to  burnish  it  by  continual 
friction. 

A  quiller  of  the  type  described  occupies  a  space  of  about 
4  feet  wide  by  10  feet  10  inches  long  without  the  chain  ten- 
sion head,  etc.;  with  these  parts  the  space  required  is  10  feet 
10  inches  by  about  30  feet.  The  main  driving  shaft  of  this 
machine  with  the  belt  on  the  tight  pulley  should  make  about 
820  revolutions  per  minute.  The  driving  pulley  is  usually 
about  10  inches  in  diameter  and  is  generally  driven  by  means 
of  a  2-inch  belt. 


MANAGEMENT 

50.  Warping  and  quilling  machinery,  like  all  other  tex- 
tile machinery,  requires  careful  attention.  In  some  places 
high  speed  and  production,  as  regards  quantity,  receive  the 
greatest  amount  of  attention,  while  the  quality  of  the  product 
is  ij^fnored.  To  obtain  quality  and  then  quantity  should  be 
the  aim,  and  in  order  to  do  this  to  the  best  advantage,  the 
machinery  should  be  properly  cared  for.  Important  points  in 
caring  for  machinery  are  oiling,  repairing,  cleaning,  speed,  etc. 
Probably  the  most  important  point  that  is  neglected  is  the 
proper  oiling  of  the  various  parts  of  the  machines.  All 
^evolvin<,^  swinging,  and  sliding  parts  should  be  carefully 
oiled  at  stated  intervals.  The  oil  should  generally  be  applied 
in  small  (luantities,  as  a  small  (]uantity  of  oil  in  the  proper 
place  is  far  better  than  a  large  quantity  in  the  wrong  place 
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and  only  a  part  of  it  in  the  proper  place.  The  swiftly  revolv- 
ing parts  should  be  oiled  twice  daily;  those  parts  that  move 
very  slowly,  once  weekly;  while  those  between  these  extremes 
should  be  oiled  once  daily,  every  other  day,  etc. 

Repairing  is  an  important  point  that  should  always  be 
attended  to  as  thoroughly  as  possible  under  the  circum- 
stances, no  matter  what  the  nature  of  the  breakdown  or 
damage  may  be.  Proper  repairing,  as  well  as  proper  oiling, 
adds  to  the  quality  and  quantity  of  the  production. 

The  cleaning  of  the  machines  should  be  regularly  and 
carefully  attended  to,  especially  in  regard  to  removing  the 
lint  and  oil  that  collect  aroimd  or  near  the  parts  with  which 
the  yarn  comes  in  contact.  All  other  parts  should  also  be 
kept  clean. 

The  speed  of  the  machine  should  not  be  excessive.  High 
speeds  can  be  obtained  on  almost  every  machine,  but  just 
as  soon  as  the  proper  working  speed  is  exceeded,  the  quality 
of  the  work  will  deteriorate. 

Piecing-up  and  doffing  should  be  carefully  performed  in 
the  manner  best  suited  to  the  machine  under  operation. 
Most  tenders  have  their  own  ways  of  performing  these 
operations,  yet  in  the  main  they  are  all  sitpilar. 


